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Snyder,  Suher,  Porter,  Claycomb,  and 
Gardner  (p.  332)  report  on  a  phase  of  their 
evaluation  of  laboratory  tests  for  the  estima¬ 
tion  of  caries  activity.  Comparing  the  dif¬ 
ferent  laboratory  tests  with  each  other,  they 
conclude  that  lactobacillus  counts  made  on 
tomato  juice  peptone  agar  are  comparable 
with  those  made  on  synthetic  medium  when 
the  azide  level  is  1:20,000  and  that  there  is 
little  to  choose  between  Snyder’s  test  agar 
and  Rogosa’s  SL  (mod)  medium.  VVe  agree 
with  the  authors  that  the  most  important 
phase  of  this  study  will  l)e  the  correlation  of 
the  laboratory  tests  with  the  progress  of 
caries  in  the  subjects  under  study. 

Adler  (p.  344)  reports  the  results  of  a 
comparison  of  caries  accumulation  (DMF) 
with  occlusal  conditions.  In  general,  more 
caries  is  associated  with  malocclusion  than 
with  normal  occlusion.  There  is  one  out¬ 
standing  exception  in  retrusion  of  the  maxil¬ 
lary  incisors  on  an  hereditary  basis.  As  the 
author  points  out,  the  caries  may  predispose 
to  malocclusion  and  occlusion  variations  may 
predispose  to  caries.  Tlie  term  CER  (caries, 
extractions,  and  restoration)  is  used  rather 
than  DMF  to  indicate  decayed,  missing,  and 
filled  teeth. 

The  value  of  a  system  of  scoring  perio¬ 
dontal  tissue  for  epidemiological  studies 
that  would  serve  in  a  manner  similar  to  the 
DMF  for  dental  caries  is  obvious.  Russell 
(p.  350)  has  developed  such  a  scoring  and 
classification  system  and  has  tested  its  re¬ 
liability  and  reproducibility  in  200  patients 
and  compared  results  with  other  population 
groups  measured  independently  by  the  same 
method,  ^^^^ile  the  system  does  not  include 
an  evaluation  of  the  etiology  or  the  type  of 
periodontal  disease,  it  does  apj>ear  to  measure 
the  degree  of  destruction  resulting  from 
perimlontal  (iiseases.  Its  value  would  seem 
to  lie  in  measurement  of  the  {mtential  tootli 
loss  from  periodontal  diseases,  of  wliatever 
type,  in  population  groups. 

Bowen  (p.  360)  discusses  the  possible  use 
of  epoxy  resins  for  dental  restorations.  A 


method  for  increasing  the  adhesion  is  pro¬ 
posed  and  the  results  of  tests  are  given.  It 
is  still  evident  that  a  completely  satisfactory 
plastic  restorative  material  is  not  yet  avail¬ 
able  and  that  the  search  should  include 
the  investigation  of  different  types  of 
plastics  as  well  as  efforts  to  improve  those 
presently  used.  Investigators  working  in 
commercial  laboratories,  and  independently, 
all  have  the  same  goal  and  should  be  en¬ 
couraged. 

Schmidt  and  Burnett  (p.  370)  measured 
the  reducing  activity  of  hetero-  and  homo- 
fermentative  lactobacilli  using  T.T.C.  (2,3, 

5  triphenyltetrazolium  chloride)  as  an  indi¬ 
cator.  Smaller  concentrations  on  hetero- 
fermentative  lactobacilli  were  needed  to  re¬ 
duce  T.T.C.  than  those  of  homofermentative 
lactobacilli,  suggesting  a  use  for  T.T.C.  in 
differentiating  those  two  broad  groups  of 
lactobacilli.  Since  maximal  reduction  was 
obtained  at  pH  6,  or  lower,  although  flavin 
enzymes,  suggested  as  those  active  in  T.T.C. 
reduction,  are  most-  active  in  alkaline 
media,  and  since  attempts  to  demonstrate 
flavin  enzyme  sy.stems  in  lactobacilli  w'ere 
negative,  other  enzyme  systems  may  be  active. 

Xikiforuk  (p.  377)  investigated  the  re¬ 
ducing  properties  of  saliva.  Making  “pain¬ 
fully  exact  measurements”  upon  this  “fight- 
fully  impure  compound”  he  found  no  signif¬ 
icant  differences  between  .salivas  from 
caries-free  and  caries-active  children,  found 
most  of  the  reducing  power  in  the  salivary 
sediment,  and  found  that  furacin,  but  not 
smlium  fluoride  or  penicillin,  would  de<*reas«‘ 
the  reducing  coefficient.  The  latter  observa¬ 
tion  is  important,  for  fluorides  and  peni¬ 
cillin  have  been  .shown  to  reduce  caries 
activity  but  furacin  failed  to  aid  in  caries 
control. 

Turner  and  Anders  (p.  385)  from  data 
obtained  from  caries-free  and  apparently 
active-caries  ca.ses  in  children  suggest  that 
there  may  be  a  more  important  relationship 
l»etween  physiological  buffers,  on  the  alka¬ 
line  side,  in  the  saliva  and  dental  caries 
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than  between  the  presence  of  acid  and 
dental  caries.  Of  course,  the  probable 
ability  of  a  well-buffered  saliva  and  dental 
caries  suppression  has  interested  those  in¬ 
vestigating  methods  for  control  of  dental 
caries.  It  has  been  difficult  to  demonstrate 
constant  relationship  between  buffering 
capacity  of  saliva  and  dental  caries  activ¬ 
ity,  and,  while  the  problem  is  far  from 
settled,  present  studies  indicate  that  titrable 
alkalinity  is  more  constantly  related  to  the 
amount  of  caries  than  is  titrable  acidit}'. 

Claycomb,  McChesney,  and  Snyder  (p. 
391)  describe  a  simple  and  rapid  method 
for  determining  the  quantity  of  amylase  in 
saliva. 

Rosen,  Ragheb,  Hoppert,  and  Hunt  (p. 
399)  were  faced  with  the  perplexing  result 
of  reduction  in  acidogenic  organisms  and 
caries  in  caries-susceptible  rats  consuming 
feed  with  penicillin  but  with  only  slight 
reduction  of  caries  and  marked  reduction 
in  acidogens  in  those  receiving  Terramycin, 
Higher  streptococci  counts  were  found  in 
the  Terramycin-fed  rats  but  this  pattern 
was  also  found  in  caries-resistant  (genet¬ 
ically)  strains  of  rats.  It  is  quite  possible 
that  lactobacilli  are  the  acid  producers 
under  antibiotic-free  conditions  in  suscep- 
tibles  but  that  streptococci  may  be  in¬ 
hibited  from  performing  in  caries-resistant 
animals.  Since  the  use  of  antibiotics  may 
lead  to  changes  in  the  morphology  and 
physiology  of  surviving  bacteria,  the  cocci 
found  after  treatment  should  be  subjected 
to  more  thorough  examination. 

Jordan,  Fitzgerald,  and  Faber  (p.  404) 
investigated  Micrococci  isolated  from  salivas 
of  46  adults.  To  those  not  actively  engaged 
in  bacteriology  the  Micrococci  include  the 
group  formerly  known  as  Staphylococci  and 
it  is  those  organisms  that  are  the  subject 
of  this  study.  These  organisms  were  divided 
into  three  groups  and  their  biochemical  activ¬ 
ity  investigated.  These  studies  are  but  a 
part  of  the  broad  investigation  of  the  oral 
flora  that  must  be  continued  if  we  are  to 
understand  the  normal  and  pathologic  phases 
of  this  bacteria-rich  region. 

Burnett  (p.  413)  analyzed  the  effect  of 
sodium  and  calcium  fluoride  on  the  dissolu¬ 
tion  of  calcium,  phosphorus,  magnesium,  and 
carbon  dioxide  from  dentin.  While  these 
elements  account  for  slightly  more  than  half 
of  the  weight  loss,  they  were  recovered  in 


fairly  constant  amounts.  Total  weight  loss 
appears  to  be  a  useful  indicator  of  tissue 
solubility.  It  should  be  noted  that  this  study 
was  conducted  on  dentin  to  establish  a  tech¬ 
nic,  while  most  interest  on  solubility  after 
fluoride  treatment  concerns  enamel. 

Brudevold,  Gardner,  and  Smith  (p.  420) 
analyzed  the  fluorine  content  of  enamel  layer 
by  layer.  Whether  the  teeth  came  from 
fluoridated  or  nonfluoridated  cities,  the  con¬ 
centration  of  fluorides  was  greatest  on  the 
surface,  decreasing  in  deeper  layers.  The 
concentration  of  the  fluorides  at  the  surface 
layers  appeared  to  continue  to  increase  with 
age,  even  in  a  low  fluoride  community.  The 
authors  postulate  that  fluorides  are  deposited 
in  small  amounts  during  enamel  calcification, 
that  after  calcification,  but  before  eruption, 
the  outer  layers  continue  to  pick  up  fluorides 
from  the  tissue  fluids,  and  that  after  erup¬ 
tion  the  external  layer  may  continue  to  get 
more  fluoride  from  the  oral  fluids,  resulting 
in  thickening  of  the  fluoride-saturated  outer 
layer.  The  fluoride  concentration  in  the  outer 
layer  of  enamel  varied  from  331  ppm  in  in¬ 
completely  formed  unerupted  teeth  from  a 
low  fluoride  area,  through  1,247  ppm  in  the 
over-50-year-age  group  to  1,859  ppm  in 
mottled  enamel.  Only  the  outer  layers  of 
enamel  were  considered  to  have  enough 
fluoride  to  affect  the  carious  process. 

Brudevold  and  Steadman  (p.  430)  found 
that  lead  has  a  similar  distribution  in  enamel 
to  that  of  fluorine  suggesting  similar  pre¬ 
emptive  and  posteruptive  mechanisms  of  up¬ 
take.  The  concentration  of  lead  at  the  outer 
layer  may  be  twenty  times  that  of  the  whole 
enamel. 

Clegg  and  Rae  (p.  438)  have  found  that 
the  quantity  of  gluco.se  added  to  saliva  had 
little  effect  on  ammonia  production,  0.1  to  10 
per  cent  glucose  producing  comparable  re¬ 
sults.  Wide  variations  in  urea  concentration 
(0.1  to  5  per  cent)  resulted  in  comparable 
ammonia  production  but  10  per  cent  urea  in¬ 
hibited  ammonia  production.  The  ratio  of 
glucose  to  urea  appears  critical  in  inhibiting 
ammonium  production.  The  variations  result¬ 
ing  in  these  in  vitro  studies  suggest  some  of 
the  complications  of  attempting  to  control 
ammonium  production,  intraorally,  by  adding 
small  quantities  of  ammonia  and  urea  in 
various  agents. 

Tooth  germ  cultivation  in  vitro  has  l>een  the 
subject  of  investigation  under  a  U.S.P.H.S. 
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grant.  The  latest  phase  of  this  study,  re¬ 
ported  i>y  Lefkowitz  and  Swayne  (p.  440), 
indicates  that  the  explanted  material  may 
carry  with  it  enough  nutrient  materials  for 
about  4  days’  growth  (and  1  day  of  in  vivo- 
equivalent-development).  For  development 
l)eyond  this  limited  time  it  appears  that  the 
material,  such  as  that  available  in  embryo 
extract,  is  necessary.  It  is  conceivable  that 
synthetic  substitutes  for  embryo  extracts  may 
1)6  developed  so  that  more  precise  studies  of 
the  relative  roles  of  various  inorganic  and 
organic  factors  may  be  evaluated. 

Korchin  (p.  446),  in  the  paper  that  won 
the  Novice  Award  at  the  1954  meeting,  de¬ 
scribes  the  effect  of  starch  sponge  in  experi¬ 
mental  animals  and  in  human  subjects.  Al¬ 
though  residual  particles  may  remain  in  the 
bone  marrow  the  starch  sponge  does  not  inter¬ 
fere  with  osteogenesis  in  the  tooth  socket  or 
l)One  wounds.  However,  probably  due  to 
breakdown  of  the  starch  and  secondary  infec¬ 
tion,  there  is  acute  inflammation  in  the  dog 
tooth  socket  and  delayed  healing  in  both  dogs 
and  human  subjects. 

Swartz  and  Phillips  (p.  458)  point  out 
that  the  residual  mercury  content  of  amalgam 
restorations  is  not  critical  in  relationship  to 
strength  at  levels  below  55  per  cent  residuum. 
However,  this  appears  to  be  an  important 
point,  and  amalgams,  or  regions  of  amalgam 
restorations,  containing  more  than  this 
amount  of  residual  mercury  are  seriously 
weakened.  Analyses  of  portions  of  restora¬ 
tions  showed  marked  variation  in  residual 
mercury  content  between  various  regions  of 
a  single  restoration.  Since  the  original 
mercury-alloy  ratio  and  the  condensing  pres¬ 
sure  eontrol  the  residual  mercury  level,  and 
thereby  the  strength,  the  operator  has  the 
problem  within  his  control. 

Kreshover  and  Hancock  (p.  467)  induced 
lympliatic  choriomeningitis  in  pregnant  mice 


and  studied  the  effect  on  the  fetus  and  on 
the  maternal  and  offspring’s  teeth.  The  so- 
called  placental  barrier  did  not  prevent  in¬ 
fection  of  the  fetus,  especially  if  the  virus 
was  injected  into  the  mother  early  in  preg¬ 
nancy.  Dental  defects  were  produced  in  the 
young  of  infected  mothers,  more  frequently 
in  those  offspring  that  had  shown  virus  in  the 
blood.  It  is  not  surprising  that  the  enamel 
organ  defects  were  found  in  the  uninfected 
young  of  infected  mothers  as  well  as  in  the 
infected  young,  for  anything  (including  the 
mothers’  metabolic  state)  that  affects  the 
metabolic  activity  of  the  ameloblasts  may 
result  in  enamel  hypoplasia. 

Dienstein  (p.  479),  from  a  histologic  study 
of  the  jaws  of  ten  rats  from  birth  to  31  days 
of  age,  made  a  biometric  analysis  of  the  rela¬ 
tionship  of  the  mandibular  first  molar  root  to 
the  lower  border  of  the  mandible,  i.e.,  at¬ 
tempted  to  contribute  to  the  knowledge  of 
tooth  eruption.  The  apex  of  the  tooth  grad¬ 
ually  moves  away  from  the  lower  border  of 
the  mandible,  and  the  growth  of  the  mandible 
in  height  appears  to  be  completed  when  tooth 
root  formation  terminated.  Jaw  growth  and 
development  relationships  to  tooth  eruption 
apparently  cease  when  root  formation  is  com¬ 
plete. 

Levey  (p.  491)  describes  a  specific  stain 
for  cementum.  As  stated,  it  is  not  histo- 
chemically  specific  and  is  empirical.  How¬ 
ever,  there  should  l)e  some  specific  relation¬ 
ship  between  the  tissue  and  the  staining 
agents.  If  cementum  is  chemically  the  same 
tissue  as  given  in  histological  description, 
i.e.,  a  modified  bone  formed  on  the  tooth 
root,  the  staining  effe<-t  may  be  the  result  of 
the  great  density  of  cementum  but  t'ne  stain 
should  then  react  similarly  on  the  sclerotic 
bone. 

H.  B.  G.  R. 


Word  of  the  death  of  Dr.  W.  J.  Gies,  Editor  Emeritus  of  the  Journal,  has  just 
been  received.  All  a.sso<-iated  with  dental  research  recognize  his  many  contributions 
and  mourn  his  passing. 


EVALrATIOX  OF  LABOKATORY  TESTS  FOR  THE  ESTIMATION  OF 

CARIES  ACTIVITY 

MARSHALL  L.  SXYDER.  THEODORE  SUHEB,  DOXALD  R.  PORTER,  CECIL  K. 
CLAYCOMB,  AND  MARGERY  K.  GARDNER 

Departments  of  Bacteriolof/y,  Periodontia  and  Biochemistry,  Dental  School,  University  of 

Oregon,  Portland,  Ore. 

ANCMBER  of  lal)oratory  procedures  which  utilize  saliva  as  the  test  material 
have  been  advocated  for  the  estimation  of  caries  activity.  The  accuracy 
of  any  of  these  methods  in  i)redicting  qualitative  or  (juantitative  clinical  change 
remains  unsettled.  We  proposed,  therefore,  to  evaluate  as  many  of  these  tests 
as  practicable  by  means  of  frequent  sampling  of  a  group  of  children  for  the 
laboratory  data  and  comparing  the  results  with  their  clinical  experience 
measured  semiannually  over  a  5-year  period.  The  present  pai)ers  cover  the 
classification,  selection,  and  development  of  laboratory  tests  for  study  as  well 
as  comparison  with  each  other  where  sufficient  data  warrant.  Difficulties  en¬ 
countered  in  recording  and  assessing  caries  experience,  especially  in  children 
with  mixed  dentitions,  have  delayed  publication  concerning  correlation  of 
laboratory  findings  with  actual  clinical  change. 

A  detailed  analysis  of  the  literature  did  not  seem  necessary  when  digests 
or  summaries  of  practically  every  article  related  to  the  subject  have  appeared 
in  the  two  current  surveys  of  dental  caries  literature,’’  ^  or  partially  reviewed 
by  Snyder^  in  comparison  with  an  “ideal”  laboratory  test  for  office  practice. 
.Therefore,  only  a  listing  of  the  tyi)e  of  laboratory  tests  is  given,  with  supple- 
mentar>'  information  about  choice  of  tests  and  other  comparative  studies. 
These  may  be  classified  as  follows: 

A.  Bacteriologic 

1.  Lactobacillus  count 

2.  Acid  production  in  selective  culture  media 

3.  Acid  production  in  glucose  or  sucrose 
B.  Salivary  Comimnent  or  Proi)erty 
1.  pH 
.  2.  NH, 

3.  Ca/P 

4.  Buffering  capacity 

5.  (3)^.  capacity 
().  Amylase 

Supported  in  part  by  a  giant  (D-i:tOC)  from  the  I’nitetl  States  Public  Healtli  Service. 
Received  for  publication  Dec.  8,  1954,  revised  by  authors,  Dec.  6,  1955. 
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Selection  of  the  tests  employed  in  this  longitudinal  study  has  depended 
upon  the  status  of  a  {riven  test  in  clinical  practice,  the  promise  of  a  procedure, 
and  adai)tahility  for  routine  analysis  of  relatively  larirc  numbers  of  specimens. 

Of  the  l)actcriolo{ric  technics,  the  lactohacillus  count  as  developed  by 
Hadley'  has  been  the  most  widely  used  and  acci'ptcd  by  the  dental  i>rofession, 
but  maximum  correlation  with  clinical  chan{re  has  seldom  exceeded  90  per  cent. 
The  tomato-juice  peptone  agar  (pll  5.0)  used  for  this  ])urpose  can  now  be 
replaced  by  an  essentially  synthetic  medium  described  by  Rogosa,  Mitchell, 
and  Wiseman.®  Rate  of  acid  production  in  selective  culture  media  adjusted 
to  pH  5.0-5.4  containing  appropriate  indicators  is  closely  related  to  numbers 
of  lactobacilli.®’®  Davies,  Tilden,  and  Slack®  used  a  glucose-dicalcium  phosphate 
medium  (pH  7.0)  in  which  the  dissolution  of  the  phosphate  around  the  colonies 
not  only  differentiated  the  strong  from  the  weakly  aeidogenic  bacteria  but  also 
allowed  an  estimation  of  numl)ers  of  these  types.  It  is  quite  feasible  to  conduct 
any  or  all  of  these  bacteriologie  tests  on  “JOO  specimens  of  saliva  in  a  working 
day. 

The  amount  of  acid  produced  in  glucose  or  sucrose  solutions  in  4  hours 
by  the  action  of  the  bacterial  flora  of  the  saliva  has  been  measured  in  terms  of 
powdered  enamel  dissolved,^'  pH  change,^*-  and  alkali  required  to  neutralize 
it."  All  of  the  authors  concerned  have  reported  good  to  excellent  correlation 
with  caries  activity  (85-91  per  cent).  As  with  the  bacteriologie  technics, 
these  tests  can  be  done  together  on  freshly  collected  specimens  of  saliva,  but 
the  technical  difficulties  of  the  Fosdick  technic"  rule  it  out  for  large  scale  study. 

There  is  little  evidence  that  either  pH,  NH3,  or  the  Ca/P  ratio  is  in  any 
way  correlated  with  caries  activity.  General  agreement'®  '®  seems  to  exist  that 
saliva  from  the  caries-resistant  has  a  higher  buffering,  CGj,  and  acid  neutral¬ 
izing  capacity  than  saliva  from  caries-active  subjects.  These  tests  usually 
require  completion  within  minutes  or  an  hour.  Since  the  time  to  collect  and 
transport  the  specimens  of  saliva  to  the  laboratory  exceeded  1  hour,  attempts 
were  made  to  control  carbonate  exchange  by  prompt  cooling  in  an  insulated  box 
containing  dry  ice,  but  the  temperatures  involved  (-5°  C.)  markedly  influenced 
the  lactohacillus  count  and  salivary  amylase  activity.  Collection  under  oil  was 
objectionable  for  plating  work  in  bacteriology.  Since  it  was  impractical 
to  do  buffering  and  COj  capacity  tests  with  the  bacteriologie  and  salivary 
amylase  tests;  the  former  have  not  been  included.  The  status  of  salivary  amylase 
remains  controversial.'®  **  The  development  of  a  satisfactory  (luantitative  amyla.sc' 
test  suitable  for  large  numbei’s  of  specimens  permitted  evaluation  of  the  role 
of  amylase  along  w'ith  the  bacteriologie  methods. 

Comparison  of  laboratory  data  with  DMF  or  clinical  experience  in  meas¬ 
ured  time  is  usually  limited  to  a  given  test;  comparison  of  laboratory  tests  with 
each  other  is  rare.  Some  authors  have  included  a  second  laboratory  test, 
usually  the  lactohacillus  count,  with  the  one  under  investigation.  A  few  have 
used  more  than  2.  Thus,  Dewar*®  and  Kesel*^  studied  lactohacillus  count, 
calcium  dissolution  time,  as  well  as  pH  change  and  titratable  aeidity  (buffering 
capacity  and  Wach’s  test,  respectively).  Excellent  correlation  with  caries 
activity  was  obtained  with  lactobaeillus  count,  enamel  dissolution  time,  and 
pH  change  but  not  titratable  acidity."  Davies,  Tilden,  and  Slack"  and  Rizzo 
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and  Tildcid®  compared  laetobacillus  counts,  Snyder  test,  and  tlieir  special 
medium,  wliieli  differentiated  stronp;  from  weakly  acidojrenic  baetei-ial,  with 
clinical  chanjre  occurrinfr  over  1  and  2  years.  Afjain,  there  was  a  hi"h  decree 
of  correlation  with  the  laetobacillus  count  and  the  acido<renic  types  with 
clinical  change.  The  Snyder  test  seemed  to  have  more  validity  in  ])redicting 
clinical  change  than  the  other  two.  Rickies'^  compared  the  pll  as  estimated 
colorimetrically,  titratable  acidity  in  sucrose  solutions,  and  laetobacillus  counts 
for  the  prediction  of  new'  surfaces  occurring  1  year  later.  He  did  not  compare 
these  procedures  with  each  other,  but  there  was  a  definite  correlation  between 
all  3  methods  and  the  amount  of  new’  caries  experience.  In  contrast,  Boyd, 
rheyne,  and  Wessels^®  and  Glass-®  could  find  no  relationshii)  between  lacto- 
bacillus  count  and  caries  experience.  Rae  and  Clegg^^  tested,  but  could  find 
no  relationship  between  buffering  capacity,  viscosity,  and  laetobacillus  count 
of  saliva.  Sullivan  and  Storvick^®’  analyzed  and  correlated  each  of  6  labora¬ 
tory  tests  (pH,  NH3  buffering  capacity,  amylase,  laetobacillus  count,  and  Snyder 
test)  with  each  other  and  the  DMF  records  of  a  group  of  college  freshman  and 
another  of  teen-age  children.  The  most  significant  correlations  were  obtained 
for  buffering  capacity,  amylase,  laetobacillus  count,  and  Snyder  test.  In  our 
opinion  the  comparison  of  laboratory  data  which  represent  present  findings 
w’ith  DMF  or  past  change  is  invalid  because  the  “F”  portion  of  the  index 
frequently  includes  events  of  many  years’  standing.  On  these  grounds  much 
of  the  early  work  on  amylase,  the  results  reported  by  Marshall-Day,  Shourie, 
Hein,  Leung,  and  Simmons,^®  Sullivan  and  Storvick^®’  and  others  can  be 
eliminated  from  serious  consideration. 

As  stated  previously,  the  primary  objective  was  to  evaluate  tests  in 
parallel  with  caries  activity  measured  over  what  we  considered  a  minimal 
period  (5  years).  The  finding  of  a  satisfactory’  “captive”  population  without 
an  abnormal  rate  of  loss  w’as  a  problem,  but  nearby  Schools  for  the  Deaf 
offered  reasonably  stable  groups  because  of  the  time  needed  to  master  com¬ 
munication.  In  addition,  a  local  Indian  School  had  a  group  of  Navajos  of 
high  school  age  sent  each  year  for  5  years  of  specialized  training.  AVe  initiated 
studies  at  the  State  Schools  for  the  Deaf  in  Oregon  and  Washington  as  w’ell  as 
Chemawa  Indian  School,  but  circumstances  somewhat  beyond  our  control  neces¬ 
sitated  a  choice  between  annual  clinical  examination  of  larger  numbers  of 
children  without  supporting  radiographic  records  or  smaller  numbers  examined 
clinically  every  6  months  with  radiologic  studies  included.  The  second  alterna¬ 
tive  was  chosen:  The  children  from  one  school  (Washington  State  School  for 
the  Deaf)  were  selected  for  the  clinical  study.  Although  the  fourth  clinical 
examination  covering  2  full  years  was  recently  finished,  the  tabulation  of  the 
clinical  findings  for  the  highly  desirable  correlation  with  laboratory  data  has 
not  been  completed.  Meanw’hile  it  seemed  of  interest  to  compare  the  results 
obtained  with  the  different  laboratory  tests  employed :  laetobacillus  count,  acid 
production  in  selective  media,  and  salivary  amylase. 

EVALUATION  AND  COMPARISON  OF  LABORATORY  TESTS 

A.  The  Lactobacillus  Count. — As  it  was  originally  described,^  the  technic 
of  the  laetobacillus  count  consisted  of  chewing  on  a  piece  of  paraffin  to  collect 
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2  to  8  ml.  of  saliva,  which  was  then  diluted  to  10.0  ml.  with  sterile  physiologic 
saline;  the  specimen  was  shaken  by  hand  for  3  minutes,  and  1-5  and  1-20 
dilutions  made  to  allow  for  low  and  high  counts.  Of  these  dilutions,  0.1  ml. 
samples  were  .spread  over  the  surfaces  of  tomato-juiee  peptone  agar  plates 
(pH  5.0).  Counts  made  after  3  to  4  days’  incubation  represented  the  number 
of  lactobaeilli  per  milliliter  in  the  constant  volume  of  the  first  dilution.  This 
was  modified®^  so  that  1.0  ml.  of  saliva  was  added  to  4.0  ml.  of  acid  glucose 
infusion  broth  (pH  5.0)  to  give  a  1:5  dilution  of  the  original  specimen  and 
0.1  of  this  dilution  spread  over  the  medium.  The  purpose  of  the  acid  glucose 
broth  was  to  furnish  a  qualitative  answer  for  the  presence  or  absence  of  gram¬ 
positive  bacilli,  assumed  to  be  lactobaeilli,  when  the  corresponding  plate  cul¬ 
tures  were  negative  (less  than  50  lactobaeilli  per  milliliter  of  saliva).  When 
negative  or  low  counts  were  anticipated,  0.1  to  0.4  ml.  of  saliva  could  be  used. 
The  procedure  has  remained  essentially  unaltered.  Criticisms  of  the  technic 
have  centered  about  the  crudity  of  the  medium,  failure  to  indicate  physiologic 
behavior  of  the  organisms  cultured,  overgrowth  of  plates  by  yeast  forms  and 
mold  contaminants,  length  of  incubation,  and  statistical  inaccuracies. 

The  tomato-juice  peptone  agar,  hereafter  referred  to  as  TJA,  is  un¬ 
doubtedly  crude  compared  with  the  nearly  synthetic  medium  (SLA).®  The 
filtrate  of  canned  tomatoes  with  added  peptone  and  peptonized  milk  is  a  nutri¬ 
tional  unknown;  it  is  translucent  and  without  a  selective  inhibitor  mold  con¬ 
taminants  or  yeast  forms  of  the  saliva  readily  overgrow  the  plates.  It  is  also 
preferable  to  make  TJA  in  the  laboratory.  In  contrast,  the  SLA  formula® 
represents  the  result  of  a  careful  study  of  the  nutritional  requirements  of  the 
lactobocilli ;  it  is  clear  and  so  highly  selective  that  it  need  not  be  autoclaved 
for  dispen.sing  or  even  storage.  Neither  medium  provides  any  information 
about  the  physiologic  behavior  of  the  organisms  except  their  ability  to  grow  at 
pH  5.0-5.4  and  both  require  3  to  5  days’  incubation  for  counting  purposes. 

The  statistical  inaccuracies  of  the  laetobacillus  count  are  derived  from 
several  sources:  distribution  of  the  organisms  in  the  saliva,  growth  under 
conditions  imposed,  and  the  actual  count.  Under  the  heading  of  distribution 
in  the  .saliva  come  the  variables  of  hour  and  time  re(iuired  for  collection  and 
dispei’sion  in  a  medium  of  fluctuating  viscosity.  There  seems  to  be  little 
(piestion  that  the  highest  numbers  of  lactobaeilli  occur  in  specimens  of  saliva 
collected  before  breakfast,  but  Sandy®^  found  no  significant  differences  in  the 
variations  of  counts  obtained  from  a  group  of  specimens  collected  at  10:00  a.m. 
over  those  collected  at  7 :00  a.m.  This  would  indicate  that  collection  should  be 
made  as  far  as  practicable  at  a  uniform  time.  Collection  also  requires  the 
co-operation  of  the  subject  to  chew  the  paraffin  so  as  to  cover  all  the  exposed 
surfaces  and  collect  all  the  saliva  obtained  in  a  3-  or  5-minute  period.  This 
means  there  is  an  age  jieriod  (6  years)  below  which  reliable  or  representative 
samples  are  difficult  to  get.  The  organisms  may  be  unequally  dispei-sed  in  a 
medium  varying  widely  in  respect  to  food  debris,  viscosity,  and  volume.®® 
Although  the  lactobaeilli  have  no  cytochromes  and  tliereby  are  similar  to  the 
anaerobes,®*  most  oral  strains  grow  microaerophilically  or  quite  well  under 
atmospheric  conditions  normally  prevailing  for  laetobacillus  counts.  Ericsson 
and  Hagglund®®  called  attention  to  the  increased  counts  they  were  able  to 


336 


HNYDER,  SUH?:R,  PORTER,  CLAYCOMH,  AND  GARDNER 


J.  D.  Res. 
June.  1956 


obtain  anaerobically  compared  with  aerobic  counts  for  the  same  specimens  of 
saliva,  yet  their  conclusions  were  based  on  a  very  small  number  of  samples.  It 
is,  nevertheless,  possible  that  poured  plates  would  provide  better  oxygen  tensions 
for  growth  of  the  oral  laetobaeilli  but  unless  one  assumes  all  colonies  to  be 
laetobaeilli,  the  technical  aspect  of  microscopic  differentiation  of  colonies  even 
under  low  magnification  (7x)  is  a  serious  objection  in  routine  practice.  Finally, 
there  is  the  statistical  accuracy  of  lactobacillus  counts,  l^nlike  milk  or  water 
bacteriologic  counts  where  a  series  of  dilutions  are  made  in  duplicate  or 
even  triplicate  for  statistical  desirability,  a  lactobacillus  count  is  the  growth 
of  organisms  from  a  single  dilution  of  saliva  on  one  plate  of  highly  selective 
medium.  The  number  of  colonies  may  range  from  0  to  1,000,000  or  more.  Lewis 
and  Hartman*®  found  by  carefully  standardizing  their  technic  an  excellent 
consistency  was  attained  not  only  by  one  worker  counting  results  from  different 
specimens  of  saliva  but  also  from  the  same  specimens  counted  by  several 
individuals.  They  felt  that  with  an  initial  1-10  dilution  of  the  saliva  in  saline 
and  0.1  ml.  of  that  dilution  cultured,  the  most  accurate  estimates  were  between 
20,000  and  90,000  laetobaeilli  per  milliliter  of  saliva  (200  to  900  colonies  per 
plate).  On  the  other  hand,  as  Sandy**  and  others  have  maintained,  there  is 
little  reliability  in  a  single  count  for  clinical  interpretation. 

B.  Acid  Production  in  Selective  ('ulture  Media. — A  great  shortcoming  of 
the  lactobacillus  count  is  that  3  to  5  days  must  elapse  before  an  answer  can 
be  given.  Broth  or  fluid  media  give  obvious  and  prompt  answers  about  acid 
production  but  have  the  disadvantage  of  usually  not  allowing  estimates  of 
numljers  of  specific  bacteria  introduced.  To  meet  this  objection  Snyder* 
sugge.sted  the  addition  of  agar  to  the  acid  glucose  broth  (pH  5.0)  to  provide 
dispersion  of  colonies  as  in  a  “shake”  tube  and  the  indicator,  bromcresol  green, 
to  reflect  acid  production.  This  medium  proved  very  satisfactory  since  the 
rate  of  acid  production  could  be  daily  observed.  Acid  formation  was  caused 
.primarily  by  growth  of  the  laetobaeilli  and  the  rate  was  generally  proportional 
to  their  numbers.  On  the  basis  of  positive  color  changes  in  24  and  48  hours 
as  indicative  of  marked  to  moderate  caries  activity  and  little  or  no  ehange  in 
48  to  72  hours  as  evidenee  of  slight  or  negative  caries  activity,  a  high  degree 
of  eorrelation  was  found  in  a  group  of  66  children  studied  over  a  2-year 
period.^  Although  the  relation  of  color  change  in  the  medium  to  the  oral 
laetobaeilli  has  been  supported,**’  **  sufficient  confirmation  of  its  capacity  as  an 
index  of  caries  activity  has  not  been  made.  Nevertheless,  the  Snyder  test,  as 
it  is  now  called,  has  been  widely  employed  for  a  susceptibility  test  in  state  health 
laboratories,  dental  clinics,  and  office  practice.  Rogosa  and  Wiseman®  recently 
proposed  for  test  tube  purposes  a  modification  of  the  SLA  which  included 
alizarin  red  S  as  the  indicator;  growth  and  subseciuent  acid  production  with 
color  alteration  occurred  rapidly  from  small  inocula  of  laetobaeilli.  They  also 
claimed  the  color  ranges  could  be  interpreted  directly  in  terms  of  numbers  of 
laetobaeilli  originally  introduced. 

MATERIAI„S  AND  METHODS 

A.  Subjects. — The  children  under  investigation  resided  during  the  school 
year  in  the  State  Schools  for  the  Deaf  of  Oregon  and  Washington  and  the 
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Cliomawa  Indian  School  in  Salem,  Oregon.  The  age  of  the  group  study  ranged 
fioin  ()  to  16  years.  The  number  of  subjects  was  1951-1952:  190;  1952-1953: 
550;  1953-1954:  150. 

B.  CoUectum  Schedule. — It  was  impracticable  to  obtain  prebreakfast  speci¬ 
mens  in  any  of  these  schools  or  during  the  morning  for  the  Navajo  group  at 
(^hemawa.  However,  the  collections  were  always  made  at  the  same  time  for 
each  school  or  group: 

Oregon  School  for  the  Deaf:  9:30-11:30  a.m.;  Washington  School  for  the 
Deaf:  9:00-11:00  a.m.;  Chemawa  Indian  School,  Elementary:  9:30-11:30  a.m.; 
Secondary  (Navajo)  :  1:30-3:30  p.m. 

C.  Time  for  Collection  of  Specimen. — Three  to  five  minutes  of  chewing 
paraffin  tablet  according  to  directions  given.  This  remained  a  weak  spot  since 
it  was  difficult  to  control  when  collecting  in  groups  of  any  size  and  also  for 
the  youngest  children  of  a  handicapi)ed  group  where  communication  was 
basically  one  of  demonstration.  It  was  the  hope,  however,  that  multiple 
samples  from  each  child  would  offset  much  of  the  error  incurred. 

1).  Preservation  of  the  Specimens. — At  first,  no  attempt  was  made  to  keep 
the  specimens  of  .saliva  other  than  at  environmental  temperatures.  Because 
of  refrigeration  requirements  for  other  tests,  an  insulated  box  was  used  during 
the  1953-1954  school  year.  When  dry  ice  slabs  were  used  in  this  box,  the 
specimens  of  saliva  froze  and  this  effect  was  deleterious  to  both  lactobacillus 
counts  and  salivary  amylase  tests.  Resort  was  made  to  slabs  of  frozen  plastic 
gels  (Sno-Gel)  or  several  units  of  Kand  Ice  placed  in  the  box  before  departure. 
Specimens  of  saliva  were  placed  in  the  cooled  1k)x  as  soon  as  practicable.  The 
temperature  of  the  box  was  8°  to  10°  C.  on  return.  The  specimens  were  then 
stored  at  5°  C.  in  the  refrigerator  until  cultured  or  analyzed.  Experiments 
showed  that  the  lactobacillus  counts  were  stable  at  room  temperature  for  4  days 
and  in  the  icelmx  for  3  days.  Since  all  our  specimens  were  cultured  within 
24  hours  of  collection,  it  was  concluded  that  storage  at  refrigerator  or  room 
temperature  had  no  effect  on  these  lactobacillus  counts. 

E.  Culture  Media. — 1.  Tomato- juice  peptone  agar  (pH  5.0)  was  prepared 
by  the  formula  given  by  Jay.®‘  Adjustment  of  10  liter  volume  lots  to  pH 
4.8-5.0  varied  from  the  simple  addition  of  lactic  acid  (1.0  ml.)  to  neutralization 
with  40  per  cent  NaOH  and  acidification  to  pH  5.0  with  undiluted  lactic  acid. 
In  either  case,  the  purpose  seemed  to  be  to  provide  lactate,  the  effective  range 
of  which  Dewar'”  found  to  be  between  a  1 :175  and  1 :300  concentration  (5.6- 
3.3  grams  per  liter).  In  our  experience  the  amount  of  lactate  was  not  critical 
as  long  as  some  was  present  and  the  ])H  4. 8-5.0.  Additional  selectivity  in 
respect  to  molds  and  yeasts  was  made  pos.sible  by  the  addition  of  sodium  azide 
(1  per  cent)  as  .suggested  by  Diamond^®  to  give  a  final  concentration  of  1 : 10,000. 
Dewar'”  objected  to  the  use  of  the  azide  on  the  grounds  of  inhibition  of 
certain  types  of  lactobacilli,  while  Rogosa  and  MitchelD'  showed  the  azide  bound 
an  essential  nutrient,  magnesium,  for  the  lactobacilli.  On  the  other  hand, 
Ericsson  and  Ilagglund"®  found  no  differences  in  lactobacillus  counts  on  TJA 
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witli  and  without  azide,  while  Snyder  and  Slawson‘^  in  studyinj^  the  effects 
of  azide  and  i)H  in  a  series  of  (>00  specimens  of  saliva  plated  on  T.JA  with 
azide  (1:10,000)  and  SLA  found  the  followiii};  distribution:  similar  lacto- 
liaeillus  counts,  43  jier  cent;  hifrher  on  TJA  with  azide,  12  per  cent;  higher  on 
SLA,  45  per  cent.  However,  since  all  specimens  could  be  cultured  and  counted 
on  the  TJA  with  azide,  it  was  concluded  that  this  gain  more  than  offset  the 
loss  resulting  from  overgrowths  on  TJA  without  azide  by  mold  (air  con¬ 
taminants)  or  the  yeastlike  forms  of  the  oral  flora. 

2.  SIj  agar  was  prepared  by  Rogosa’s  formula.  Our  experience  showed 
the  medium  needed  to  be  made  more  selective.  This  was  done  by  dropping  the 
])H  from  5.4  to  5.2  with  additional  glacial  acetic  acid.  However,  the  dehydrated 
product  (l)ifco)  was  satisfactory  without  further  alteration. 

3.  Snyder  Te.st  Agar  was  prei)ared  from  the  dehydrated  medium  (Difco). 
Some  lots  were  too  acid  and  required  adjustment  to  pH  5.0  with  N/1  NaOH. 
It  was  also  found  de.sirable  to  add  another  10  mg.  of  the  indicator  (bromcresol 
green)  per  liter  for  optimal  reading  of  color  change. 

4.  SL  agar  (modified).  Kogosa  and  Wiseman^  modified  SL  agar  by  adding 
of  0.05  per  cent  arabinose  and  0.004  per  cent  alizarin  red  S,  and  reducing  the 
agar  content  to  0.2  per  cent.  We  prepared  this  medium  accordingly. 

E,  Procedure. — The  specimens  of  saliva  were  held  in  the  refrigerator  until 
u.sed.  They  were  shaken  in  lots  of  9-10  at  a  time  for  5  minutes  into  a  Kahn 
shaking  machine  after  which  0.2  ml.  of  each  specimen  was  pipetted  in  melted 
and  cooled  (50°  C.)  Snyder  test  agar  and  0.5  to  4.5  ml.  diluent  (phenol  red 
glucose  broth  or  water).  Distribution  from  the  latter  was  made  as  follows: 
0.1  ml.  to  TJA  plate,  0.1  ml.  to  SLA  plate,  0.5  ml.  to  SLA  (mod.)  tube.  The 
TJA  and  SLA  i)lates  were  incubated  4-5  days  at  37°  C.  Counts  were  made 
for  the  most  part  by  one  of  us  (IM.  K.  G.)  using  a  binocular  stereoscopic  micro¬ 
scope  (7x)  and  a  Frost  counting  card  (No.  1099).  Enough  checks  were  made 
to  assure  an  accuracy  similar  to  that  described  by  Lewis  and  Hartman.^'*  The 
tubes  of  media  reflecting  acid  production  were  also  incubated  at  37°  C.  but 
weie  read  daily  by  one  of  us  (M,  L.  S.) 

RESULTS 

1.  Lactohacillus  Counts  on  T.JA  and  SLA. — Lactobacillus  counts  were  made 
from  the  beginning  of  the  study  on  TJA  containing  sodium  azide  in  a  1:10,000 
concentration  and  somewhat  later  on  SLA.  The  counts  for  specimens  of  saliva 
cultured  on  the  respective  media  were  recorded  as  3  place  logarithms  on  IBM 
punch  cards  for  comparative  purposes.  Thus,  the  figures  obtained  represent 
the  total  lactohacillus  counts  and  do  not  take  into  account  the  problem  of 
colony  type  or  the  significance,  if  any,  of  any  one  type.  For  that  matter,  colony 
variation  was  much  easier  ascertained  on  TJA  than  SLA.  Summation  of  the 
results  was  in  terms  of  the  characteristics  of  the  logarithmie  values;  these  are 
listed  in  Table  I. 


Volume  35 
Number  3 


LABORATORY  TESTS  FOR  ESTIMATION  OF  CARTES  ACTIVITY 


339 


Table  I 

Compakison  (»k  Lactobacillus  Counts  Obtaixeb  eob  Specimens  op  Saliva  Cultured, 
Respectively,  on  TJA  Containing  1:10,000  Sodium  Azide  and  SI^A 


LOG  LBC 
SLA 

NO. 

SPEC. 

LOGARITHMIC  VALUES  OF  LACTOBACILLUS  COUNTS  ON 
WITH  1:10,000  AZIDE 

TJA 

0-2 

2-3 

3-4 

4-5 

5-6 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

0-2 

1,435 

1,234 

86* 

127 

9 

57 

4 

14 

1 

2-3 

463 

140 

29 

153 

43 

60 

16 

9 

3 

3-4 

564 

68 

12 

104 

18 

324 

57 

65 

12 

4-5 

981 

15 

2 

25 

4 

165 

17 

663 

71 

68 

7 

5-() 

323 

3 

1 

1 

9 

3 

140 

35 

196 

61 

Total  3,666 


♦Calculated  to  nearest  per  cent. 


Table  I  shows  the  differences  between  laetobaeillus  counts  olitained  on 
TJA  with  azide  (1:10,000)  and  SLA  of  our  preparation.  Over  the  entire 
raiifje  counts  were  lower  in  2  to  37  jier  cent  and  higher  in  9  to  20  per  cent  of 
specimens  of  saliva  cultured  on  the  SLA  compared  with  TJA;  the  best  match¬ 
ing  values  occurred  at  the  zero  and  highest  counts.  That  this  discrepancy  may 
be  attributed  in  part  at  least  to  the  azide  rather  than  the  superiority  of  the 
SLA  is  shown  in  Table  II  where  the  azide  concentration  was  lowered  to  1 :20,000. 

Table  II 

('OMPAKLSGX  OP  LACTOBACILLUS  COUNTS  OP  SPECIMEN  OP  SaLIVA  CULTT’KED  ON  SI.A  AND  TJ.\ 
With  Sodiu-m  Azide  in  1:20,000  Concentration 


LOGARITHMIC  VALUES  OF  LACTOBACILLUS  COUNTS  ON  TJA 
WITH  SODIUM  AZIDE  (1:20,000) 


LOG 

I.BC 

ROGOSA 

1  SPECIMENS  1 

0 

.O 

2-3  1 

1  3-4  1 

4 

■5  1 

5-6 

1  NO. 

PER 

CENT 

NO.  1 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

0-2 

121 

30.3 

105 

87 

9 

5 

4 

2 

2 

2-3 

41 

10.0 

11 

27 

16 

39.0 

8 

20 

6 

15 

3-4 

74 

18.4 

3 

4 

11 

5.0 

40 

54 

19 

24 

1 

4-5 

122 

30.3 

2 

2 

0 

13 

11 

80 

66 

27 

22 

5-6 

45 

11.1 

0 

0 

0 

4 

9 

41 

91 

Total 

403 

Ill 

Table 

II  the 

deviations 

below 

and 

above 

the 

duplicating 

values  for 

laetobaeillus  counts  on  TJA  containing  1:20,000  sodium  azide  compared  with 
those  on  SLA  were  9-27  per  cent  and  14-35  per  cent,  respectively.  That  is, 
there  were  roughly  as  many  lower  as  higher,  which  w'ould  bring  the  results 
within  variations  expected  for  these  plating  procedures. 

Since  the  number  of  specimens  of  saliva  cultured  on  TJA  containing 
1:20,000  sodium  azide  was  small  compared  to  those  on  SLA  and  TJA  with 
1 :10,000  sodium  azide,  it  seemed  of  interest  to  examine  the  distribution  of 
laetobaeillus  counts  on  these  3  media.  Because  of  problems  peculiar  to  the 
Chemawa  Indian  School,  the  figures  presented  in  Table  Ill  were  derived  only 
from  the  2  Schools  for  the  Deaf. 

The  impressive  feature  of  Table  III  is  the  surprising  constancy  in  the 
distribution  of  laetobaeillus  counts  obtained  over  a  2-year  period  from  these 
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Table  111 

Dlstkibi’tiox  ok  Lactobacillus  Counts  for  Specimens  ok  Saliva  Cultukeb  on  SIA  and 
T,IA  With  1:10,000  and  1:20,000  Concentrations  ok  Sodium  Azide 


LOG 

LBC 

SLA 

TJA 

1:10,000  NRN,  1 

[  1:20,000  Nax, 

NO. 

SPEC. 

per  cent 
total 

NO.  SPEC. 

PER  CENT 
TOTAL 

NO.  SPEC.  1 

PER  CENT 
TOTAL 

0-2 

656 

31.1 

1,442 

32.2 

121 

30.3 

2-:t 

213 

10.1 

460 

10.4 

41 

10.0 

3-4 

335 

15.9 

700 

15.9 

74 

18.4 

4-5 

636 

30.2 

1,198 

27.1 

122 

30.3 

5-G 

267 

12.8 

542 

12.3 

45 

11.0 

Total 

2,108 

100.1 

4,415 

100.1 

403 

100.0 

children.  The  maximum  differenee  between  laetohacillus  counts  made  with 
these  3  media  for  any  lofjarithmic  values  listed  is  3.2  per  cent.  It  would  appear, 
therefore,  that  the  conclusions  reached  with  the  sample  employed  (403  speci¬ 
mens)  were  valid. 

II.  Acid  Production  in  Selective  Vulture  Media  Compared  With  Lacto¬ 
bacillus  ('ounts. — Snyder  test  agar  was  used  throug:hout  the  investigation  with 
a  uniform  inoculum  of  0.2  ml.  saliva.  The  SLA  (mod.)  was  introduced  later 
and,  after  the  usual  preliminary  study  of  a  new  medium,  the  inoculum  was 
standardized  at  0.05  ml.  of  the  saliva  (0.5  ml.  of  the  1-10  dilution).  In  Snyder 
test  agar  the  indicator,  bromcresol  green,  is  blue-green  at  pH  5.0,  green  at 
pH  4.5-4.7,  and  yellow  at  pH  3.8-4.0.  On  a  4  plus  scale,  these  represent  0,  +, 
and  +  +  +  +  changes,  respectively.  There  is  no  difficulty  about  the  extremes, 
hut  an  opportunity  exists  for  variation  as  the  yellow  becomes  increasingly 
dominant  (pH  4.4-3.8).  This  is  particularly  true  when  large  numbers  of 
specimens  are  examined  in  a  test  tube  rack;  for  example,  in  24  hours  the 
blue-green  range  is  dominant  and  one  readily  notes  a  change  toward  the  yellow 
which  may  be  recorded  as  4-(-,  but  the  same  tube  may  not  change  any  more. 
Whereas  in  48  hours,  when  the  majority  of  tubes  has  changed  completely,  this 
tube  will  stand  out  as  sufficiently  green  to  cause  some  puzzlement  about  its 
position.  The  indicator  in  the  SLA  (mod.)  is  alizarin  red  S  which  is  red 
purple  at  pH  5.6  and  yellow  at  pH  4.2  with  gradations  going  through  the 
purple  and  orange  with  a  rather  sharp  change  at  pH  4.7.  Although  a  purple 
color  is  visually  preferable  to  the  green,  the  changes  still  occur  in  gradations 
which  are  difficult  to  decide  and  there  is  frequent  revei-sion  upon  standing. 
Again,  recordings  were  made  on  a  4  plus  scale.  With  both  media  any  sig¬ 
nificant  changes  were  recorded  as  +-i-,  and  for  summary  purposes  included  os 
positive  findings  {++,  -H-+,  -H-f-f).  The  comparison  of  these  color  changes  in 
the  2  media  in  respect  to  time  with  the  laetohacillus  counts  of  respective 
specimens  of  saliva  cultured  on  TJA  and  SLA  is  made  in  Tables  IV  and  V. 

Analysis  of  these  tables  shows  the  clear  correlation  between  rate  of  color 
change  in  these  media  and  increasing  numliers  of  lactobacilli.  It  should  be 
pointed  out  that  the  percentage  of  positive  reactions  in  24  hours  is  considerably 
higher  with  laetohacillus  counts  in  the  log  2-4  categories  in  this  study  than  in 
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previous  reports.^*  Under  the  conditions  of  this  investiftation,  however,  the 
results  indicate  there  is  little  to  choose  between  the  2  media  in  terms  of  rate 
of  color  change  obtained  with  the  inocula  employed  and  the  respective  lacto- 
hacilli  counts.  The  maximum  difference  l)etween  the  2  tests  for  any  of  the 
listed  logarithmic  values  of  lactobacillus  counts  on  either  SLA  or  TJA  was 
10  per  cent  and  in  two-thirds  of  the  daily  readings  the  difference  was  3  per 
cent  or  less.  In  our  opinion,  this  would  leave  the  investigator  free  to  choose 
whichever  of  these  media  would  appear  suitable  for  the  problem  at  hand. 

Table  IV 

Comparison  op  Percentages  of  Positive  Color  Reactions  in  24,  48,  and  72  Hours  in 
Snyder  and  Rogosa  Indicator  Media  With  Lactobactllus  Counts  Obtained  on  TJA  With 
1:10,000  Sodium  Azide  From  Respective  Specimens  of  Saliva 


REACTIONS 

24  HOUR 

48  HOUR  1 

72  HOUR 

NO. 

COLOR 

per  cent 

DIFF. 

PER  CENT 

DIFF.  1 

PER  CENT 

DIFF. 

BfQQI 

SPEC. 

TEST 

POS. 

PER  CENT 

POS. 

PER  CENT 

POS. 

PER  CENT 

0-2 

2,356 

Snyder 

5.0 

2 

16.0 

3 

31 

3 

1,470 

Rogosa 

3.0 

19.0 

34 

2-3 

700 

Snyder 

13.0 

10 

59.0 

81 

8 

379 

Rogosa 

23.0 

56.0 

73 

3-4 

964 

Snyder 

25.0 

5 

82.0 

1 

91 

582 

Rogosa 

20.0 

83.0 

87 

4-5 

1,405 

Snyder 

52.0 

3 

94.0 

97 

931 

Rogosa 

49.0 

92.0 

94 

5-6 

1,030 

Snyder 

74.0 

10 

99.0 

3 

99 

323 

Rogosa 

64.0 

96.0 

96 

Table  V 

Comparlson  of  Percent.yges  of  Positive  Color  Reactions  in  24,  48,  and  72  Hours  in 
Snyder  and  Rogosa  Color  Medium  With  Lactobacillus  Coi'nts  Obtained  on  Rimjosa’s  SL 
Medium  From  Respective  Specimens  of  Saliva 


LOG 

LBC 

REACTIONS 

NO. 

24  HOUR 

48  HOUR 

72  HOUR 

ROGOSA  SL 

SPEC. 

COLOR 

PER  CENT 

DIFF. 

PER  CENT 

DIFF. 

POS.  I 

DIFF. 

AGAR 

SALIVA 

TEST 

POS. 

PER  CENT 

POS. 

PER  CENT 

PER  CENT 

PER  CENT 

0-2 

1,470 

Snyder 

7 

0 

16 

24 

10 

1,470 

Rogosa 

5 

18 

.34 

379 

Snyder 

11 

4 

49 

67 

379 

Rogosa 

7 

54 

74 

3-4 

582 

Snyder 

19 

0 

76 

89 

582 

Rogosa 

19 

79 

87 

4  5 

931 

Snvder 

47 

9 

91 

0 

95 

931 

Rogosa 

38 

91 

93 

5*6 

323 

Snyder 

75 

98 

3 

99 

.323 

Rogosa 

70 

o 

95 

97 

Disci:s.siox 

Although  it  is  recognized  that  the  real  core  of  this  project  is  correlation 
of  the  results  of  the  various  laboratory  tests  with  actual  clinical  change,  it 
seemed  useful  to  ascertain  variations  or  preference  of  culture  media  proposed 
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for  bactcriologic  tests.  The  results  obtained  for  lactobaeillus  counts  indicated 
SLA  was  somewhat  sui^erior  to  TJA  if  sodium  azide  was  used  in  a  1 : 10,000 
concentration  in  the  latter,  whereas  with  acid  production  in  selective  culture 
media  the  percentage  of  positive  reaction  in  Snyder  test  agar  and  SLA  (mod.) 
were  essentially  the  same  for  listed  lactobaeillus  count  ranges  and  day  of 
observation.  On  the  other  hand,  when  the  azide  was  decreased  to  a  1 :20,000 
concentration,  the  lactobaeillus  counts  were  frequently  higher  on  TJA  than 
SLA.  This  would  refute  to  some  extent  the  objections  raised’®’^*  to  the 
incorporation  of  sodium  azide  in  TJA  used  for  lactobaeillus  counts.  Certainly, 
the  use  of  that  agent  in  this  concentration  makes  the  TJA  as  selective  a  culture 
medium  for  lactobaeillus  counts  as  the  more  truly  synthetic  SLA  and  with 
the  advantage  of  selecting  colonial  variants.  The  investigator  now  has  a  choice 
of  selective  culture  media,  each  one  of  which  will  give  results  not  significantly 
different  from  the  other  in  respect  to  lactobaeillus  counts  or  acid  production. 


SUMMARY 

Lactobacillus  counts  made  on  tomato-juice  peptone  agar  (pH  5.0)  con¬ 
taining  sodium  azide  as  a  selective  inhibitor  were  comparable  with  respective 
counts  on  Rogosa’s  SL  agar  if  the  azide  was  present  in  a  1:20,000  concen¬ 
tration.  No  essential  difference  was  observed  between  the  rate  of  color  or  acid 
formation  in  either  Snyder  test  agar  or  Rogosa’s  SLA  (mod.)  medium  compared 
with  the  lactobaeillus  counts  of  respective  specimens  of  saliva. 
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TJIE  INCIDENCE  OF  DENTAL  CARIES  IN  ADOLESCENTS  WITH 
DIFFERENT  OCC’LUSION 

P.  ADLER 

Stomatological  Clinic,  University  Medical  School,  Debrecen,  Hungary 

SEVERAL  items  were  reported  which  were  examined  for  their  influence  upon 
the  incidence  of  dental  decay.  Surprisingly,  no  reliable  data  seem  to  exist 
correlating:  arrangement  and  oeelu.sion  of  the  teeth  with  the  incidence  of  dental 
caries.  It  is  generally  aeee])ted  that  persons  with  maloeeluding  dentitions  are 
more  prone  to  decay  than  tho.s(*  with  a  perfect  occlusion.  This  unsupported 
belief  is  one  of  the  main  indications  of  orthodontic  treatment  from  a  medical 
point  of  view.  However,  no  data  were  found  in  the  literature  accessible  to  me, 
including  the  most  recent  textbooks  and  reviews,  on  the  relative  incidence  of 
caries  in  the  different  types  of  malocclusion. 

An  attempt  was  made  to  fill  this  gap  in  our  knowledge  by  examining  repre¬ 
sentative  samples  of  adolescents  of  Imth  sexes  with  regard  to  the  incidence  of 
decay,  in  connection  with  normalcy  of  occlusion  and/or  type  of  malocclusion. 
Results  of  these  studies  are  reported  briefly. 

MATERI.\L  .VXD  METHODS 

The  total  jfraiimiar  seliool  population  (all  over  14  years  old)  was  exaiuinefl  once  in  5 
Hungarian  cities  (Debrwen,  Satoraljaujhely,  Gyongyos,  Eger,  and  Szekszard)  during  the 
years  1951  to  1954.  Data  of  the  16-  to  18-year-olds  were  selected  for  this  stuily. 

Pupils  were  examined  in  the  classrooms,  independently,  by  two  examiners.  One  dic¬ 
tated  the  caries  records  (teetli  present,  fillings,  crowns,  decay  needing  treatment  or  extrac¬ 
tion)  to  a  clerical  assistant;  the  other  examiner  classified  pupils  with  regard  to  normalcy 
of  occlusion  or  pre.sence  and  type  of  malocclusion,  adhering  to  a  simple  diagnostic  scheme. 
Classification  of  the  pupils  into  any  of  the  occlusion  types  is  self-explanatory,  generally. 
Minor  divergencies  from  what  is  regarded  as  perfect  (ideal)  o<;clusion  were  still  regarded 
as  normal,  if  no  functional  or  cosmetic  disturbance  needing  orthodontic  treatment  was  seen. 
Class  I,  Class  II,  Divisions  1  and  2,  and  Class  III  malocclusion  (including  subdivisions)  were 
classified  according  to  Angle.  In  addition,  two  separate  groups  were  formed:  one  group  of 
persons  displaying  excessive  overbite  due  to  retruded  upper  incisors  with  intermaxillary 
molar  and  canine  relationships  as  in  Class  I  (covered  bite) ;  the  other  of  persons  with  muti¬ 
lated  dentitions  in  which  either  several  te<*th  were  lost  and  occlusion  of  the  remaining  ones 
could  not  be  judged  reliably  or  in  which  after  the  loss  even  of  a  single  tooth  (mostly  of 
at  least  two  teeth)  shifting  of  the  remaining  ones  occurred,  causing  a  disturbance  of  the 
pre-existing  pit-fissure  occlusion  pattern. 

Caries  data  were  evaluated  on  the  DMF  tooth  basis  using  the  symbol  CER‘  (initials 
of  Latin  words  instead  of  English  ones:  Caries  for  decayed,  Extractio  for  missing,  and 
R«*stauratio  for  filled  teeth,  including  crown  work  of  all  types). 

The  cities  of  Debnjcen,  Satoraljaujliely,  Gydngyiis,  and  Eger  are  supplied  with  doine.stic 
waters  containing  low  fluoride  levels,  whereas  in  the  domestic  water  at  Szekszard  the  fluoride 
level  amounts  to  approximately  0.75  ppm.  For  tliis  reason,  data  of  the  pupils  attending 
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the  {fiaiiiiiiiir  sc'liools  at  Szek.szard  are  separated  from  the  others.  The  earu*8  prote<‘tiv<‘ 
action  of  the  domestic  water  of  8z(‘kszard  has  Iweii  shown  by  comparing  tlie  caries  data  of 
pupils  horn  and  continuously  resident  with  all  others  and  with  caries  data  of  the  grammar 
»‘liool  population  of  two  low  fluoride  cities  (Adler  and  Gergely*).  Since,  in  the  present 
paper,  our  aim  is  to  show  evmitual  dilTerences  in  the  incidence  of  d<*eay  depending  upon 
normalcy  of  or-clusion  or  type  of  mahs'clusion,  no  distinction  is  made  between  pupils  born 
an<l  continuously  resident  and  others  in  any  of  the  cities.  The  grammar  srdiool  population 
of  Debr«K*en,  Satoraljaujhely,  and  Gyongyds  was  examined  and  the  combined  results  of 
these  3  low  fluoride  cities  were  subjwted  to  statistical  analysis.  Having  found  typical  dif¬ 
ferences,  as  a  control  measure  examinations  were  carried  out  at  Eger  (a  low  fluoride  city 
where  artificial  fluoridation  of  the  domestic  water  is  planned,)  in  the  early  spring  of  1954. 
The  data  of  this  examination  series  are  handled  separately,  although  they  could  l>e  com¬ 
bined  with  those  of  the  other  3  low  fluoride  communities. 

KKSt'LTS 

The  eombined  data  for  l)oth  se.xes  are  shown  in  Taltle  I  for  Debrecen, 

( I ycingybs,  and  Satoraljaujhely,  for  Plger,  and  for  Szekszard.  The  number  of 
subjects  is  shown,  the  range  of  the  (^ER  (I)MF)  values,  the  mean  CER  count 
with  its  standard  error,  and  the  .standard  deviation. 

While  in  most  types  of  malocclusion  the  mean  of  the  CER  index  is  higher 
than  in  normal  occlusion,  in  all  3  groups  the  CER  index  of  persons  with  cov¬ 
ered  bite.  Class  I  is  markedly  lower.  A  similar  arrangement  of  the  incisors  is 
typical  for  most  eases  of  Cla.ss  II,  Division  2  malocclusion.  Although  in  the 
combined  data  of  the  3  cities  this  type  of  malocclusion  is  as.sociated  with  a 
slightly  higher  CER  index  than  the  normal  occlusion  group,  at  Eger  as  well 
as  at  Szekszard  a  lower  index  w’as  observed  in  this  type  of  malocclusion  than 
in  the  normal  occlusion  group.  The  incidence  of  caries  is,  nevertheless,  in  all 
instances  greater  in  the  Class  II,  Division  2  malocclusion  type  than  in  the  cov¬ 
ered  bite.  Class  I  group.  These  findings  deserve  special  attention  becau.se  they 
demonstrate  certain  types  of  malocclusion  wdth  incidence  of  less  (or  at  least 
not  more)  decay  than  in  normal  occlusion. 

The  highest  index  values  were  observed  (piite  uniformly  in  the  “mutilated 
dentitions”  group.  While  in  all  other  types  of  occlusions  the  (^ER  values  w'ere 
distributed  over  a  broad  range  starting  wdth  0,  in  this  group,  by  definition, 
the  starting  point  was  CER  1. 

Although  at  the  age  of  16  to  18  years  there  is  a  well-marked  difference  in 
the  incidence  of  caries  between  boys  and  girls,  in  Table  1  data  for  both  sexes 
are  combined,  in  order  to  increase  the  number  of  the  subjects  in  the  single 
subgroups.  However,  differences  of  similar  range  are  obvious  from  Table  II 
where  data  for  boys  and  girls  were  computed  as  the  mean  of  the  (,’ER  indexes, 
in  the  combined  3  cities  group  and  at  Eger. 

Statistical  significance  tests  were  made  first  of  all  in  the  combined  male 
and  female  population  of  the  3  cities  group.  A  modification  of  the  chi  scpiare 
test,  as  described  by  Cramer,  w’as  used  upon  the  .suggestion  of  B.  (lyires  of 
the  Institute  for  Applied  Mathematics  of  the  Hungarian  Academy  of  Sciences, 
Division  Debrecen.  This  test  permits  the  comparison  of  2  groups  with  irregular 
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distribution  of  tlie  single  values;  it  takes  into  consideration  the  number  of  sub¬ 
jects  and  is  free  from  the  necessity  of  assuming  one  of  the  observed  distribu¬ 
tions  as  the  “expected”  one.  In  com])aring  the  normal  occlusion  group  with 
any  of  malocclusion  groups,  we  had  no  difficulty  in  assuming  the  nonnal  occlu¬ 
sion  group's  distribution  as  the  expected  values,  but  there  was  no  reliable 
criterion  upon  which  to  chose  either  of  the  two  malocclusion  types  compared 
as  displaying  the  expected  distribution.  For  this  reason,  the  use  of  this  modifica¬ 
tion  of  the  chi  square  test  is  advantageous.  The  working  formula  is: 


=  m  n  — 

I  Ml 


v.,( 


Hi. 

m 


Results  of  the  statistical  significance  tests  are  summarized  in  Table  III. 
The  differences  of  the  distributions  are  in  most  instances  statistically  significant. 
Since  groups  are  identical  in  every  respect  except  the  type  of  occlusion,  we 
are  justified  in  assuming  that  the  different  pattern  of  occlusion  is  the  causa¬ 
tive  factor  of  the  differences  in  the  incidence  of  dental  caries. 


Table  II 

('ER  (DMF) -Indexes  or  Males  and  Females  (16  to  18  Years  Old)  With  Different 

Occlusions 


THREE  CITIES  GROUP  | 

EGER 

OCCLUSION 

MALES 

1  FEMALES 

1  MALES 

1  FEMALES 

Normal 

3.3 

4.0 

3.3 

4.3 

Class  I,  Angle 

4.2 

4.7 

5.0 

4.8 

Class  II,  Div.  1,  Angle 

4.3 

5.8 

3.1 

5.3 

Class  II,  Div.  2,  Angle 

4.1 

4.2 

3.6 

3.0 

Covered  bite.  Class  I,  Angle 
Mutilated  dentitions 

2.2 

2.6 

3.2 

3.0 

6.7 

7.7 

7.5 

8.0 

Class  III,  Angle 

5.0 

5.0 

4.9 

3.8 

Similar  computations  were  made  in  the  school  populations  of  Eger  and 
Szekszard,  but  in  most  instances  no  significance  was  attributable  to  the  differ¬ 
ences  of  the  distributions.  This  is  due,  however,  to  the  small  numbers  of  the 
subjects  in  the  different  occlusion  groups  in  these  cities  in  comparison  to  the 
combined  3  cities  group. 

Our  observations  do  not  offer  any  direct  clue  to  the  causes  of  the  different 
incidence  of  dental  decay  in  the  different  types  of  malocclusion.  One  circum¬ 
stance  seems,  however,  worthy  of  mention.  “Covered  bite”  and  certain  forms 
of  Class  II,  Division  2  malocclusion  are  hereditary  anomalies.  From  our  ob¬ 
servations  it  seems  that  dentitions  with  retruded  upper  incisors  are  less  prone 
to  decay  than  those  with  other  forms  of  occlusion,  especially  other  forms  of 
malocclusion,  at  least  in  the  age  group  examined.  Whether  or  not  this  partial 
resistance  to  decay  is  due  to  an  hereditary  factor  or  to  the  peculiar  functioning 
of  the  masticatory  system  cannot  be  stated  reliably  on  the  basis  of  our  present 
data.  However,  an  acquired  retrusion  of  the  upper  incisors  is  often  encountered 
in  the  mutilated  dentitions  group,  due  to  distal  shifting  of  lower  premolars  and 
anteriors  after  the  early  loss  of  the  lower  first  molars,  and  the  consecutive 
movement  of  the  upper  incisors.  The  retruded  position  of  the  upper  incisors 
determines  the  functional  pattern  in  this  type  of  occlusion;  and,  in  all  proba- 
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hility,  wlictlier  it  ])revails  on  an  horoditary  or  an  ac(iuired  basis.  In  those 
o:ronps  with  mutilated  dentitions,  the  ineidenee  of  dc<*ay  is  {jreater  than  in 
any  other,  in  s])ite  of  tlie  fre(|neney  of  retruded  ui)i)er  ineisoi’s.  Tims,  we  are 
inclined  to  believe  that  the  resistance  to  decay  in  the  “covered  bito“  (and  partly 
in  the  (Mass  II,  Division  2)  nialocelusion  types  is  due  to  hereditary  factors. 

(’oinparinj?  the  combined  malocclusion  {jroup  with  normal  occlusion,  the 
belief  that  malocclusion  is  conducive  to  caries  is  substantiated.  However,  it 
has  been  shown,  that  this  {reneralization  is  not  of  specific  validity. 

The  highe.st  index  values  were  observed  in  the  mutilated  dentions  group. 
This  group  belongs  to  the  malocclusion  groups  and  accounts  for  approximately 
20  per  cent  of  all  maloccluding  dentitions.  This  fact  is  indicative  of  the  im¬ 
portant  role  of  dental  caries,  not  as  a  conse(|uence  but  rather  as  the  causative 
factor  in  certain  types  of  malocclusion.  This  is  also  obvious  from  the  findings 
of  Plater."' 


Table  111 


Statistical  Significance  of  the  Differences  Between  Groups  of  Adolescents  With 
Different  Occlusion,  Table  I,  Combined  Data,  of  Debrecen,  Gyongyos,  and 

SAtoraljaChely 


GROUPS  COMPARED 

1  n 

1  1 

p 

Normal  occlusion  With: 

Class  I,  Angle 

Cl.  II,  Div.  1,  Angle 

13 

40.253 

0.1 

13 

38.977 

0.1 

Cl.  II,  Div.  2,  Angle 

13 

30.136 

O.l-l.O 

Covered  bite.  Angle,  Cl. 

T 

7 

17.976 

O.l-l.O 

Mutilated  dentitions 

12 

419.500 

0.1 

Class  111,  Angle 

9 

10.668 

30.0  non 

(Mass  1,  Angle  with: 

Cl.  II,  Div.  1,  Angle 

13 

9.495 

70-80  non 

Cl.  II,  Div.  2,  Angle 

13 

13.866 

30-50  non 

Covered  bite.  Angle,  Cl. 

I 

7 

41.210 

0.1 

‘ 

Mutilated  dentitions 

12 

187.500 

0.1 

Class  III,  Angle 

9 

3.41 

90-95  non 

Cl.  II,  Div.  1,  Angle  with: 

Cl.  II,  Div.  2,  Angle 

13 

24.327 

2-5 

Covered  bite.  Angle,  Cl. 

T 

7 

46.397 

0.1 

Mutilated  dentitions 

12 

84.636 

0.1 

Class  III,  Angle 

9 

2.8312 

95-96  non 

Cl.  II,  Div.  2,  Angle  with: 

Covered  bite.  Angle,  (''1.  I 

7 

33.392 

0.1 

Mutilated  dentitions 

12 

174.2 

0.1 

Class  III,  .Angle 

9 

7.733 

50-70  non 

Covered  bite.  Angle  Cl.  I. 

with : 

Mutilated  dentitions 

6 

239.27 

0.1 

Class  III,  Angle 

7 

18.838 

O.l-l.O 

Mutilated  dentitions  with: 

Class  III,  Angle 

8 

51.23 

0.1 

n  =  Degree  of  freedom ;  X-  as  computed  according  to  the  formula  given  in  the  text : 
P  =  probability  on  a  percentage  basis  of  how  far  the  difference  in  the  distribution  between  two 
groups  is  due  to  chance  aione.  In  medical  statistics,  P  values  up  to  5.0  per  cent  are  con¬ 
sidered  as  being  statistically  signifleant.  When  two  values  are  shown  in  the  column  of  P, 
the  real  value  is  between  the  two  noticed  ones.  Nonsignificant  differences  are  marked  by  non. 
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SCMMARY 

The  incidence  of  dental  caries  was  examined  in  adolescents  16  to  18  veal’s 
of  ape  in  relationship  to  normalcy  of  occlusion  or  type  of  maloeelusion.  (Iroups 
of  individuals  with  maloceludin^  dentitions  display  higher  CER  (I)MF)  indexes 
generally  than  those  w’ith  normal  occlusion.  “Covered  bite,”  with  normal  in¬ 
termaxillary  molar  and  canine  relationships,  is  associated  with  less  decay  than 
normal  occlusion.  This  is  true  to  some  degree  for  Class  II,  Division  2  maloe¬ 
elusion  also,  at  least  in  so  far  as  in  this  type  of  maloeelusion  decay  is  not  heavier 
than  in  the  normal  occlusion  group.  This  finding  points  to  the  role  of  hereditary 
factors  in  caries  susceptibility.  Dental  decay  is  an  important  causative  factor 
of  maloeelusion,  approximately  20  per  cent  of  malocclusions  being  apparently 
due  to  the  early  loss  of  (carious)  permanent  teeth. 
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A  SYSTEM  OF  CLASSIFICATION  AND  SCORINO  FOR  PREVALENCE 
SURVEYS  OF  PERIODONTAL  DISEASE 
A.  L.  RUSSELL 

National  Institute  of  Dental  Kesearch,  National  Institutes  of  Health,  Public  Health  Service, 
U.  S.  Department  of  Health,  Education  and  Welfare,  Bethesda,  Md. 

THPj  “paucity  of  reliable  epidemiological  data”^  concerning  periodontal  dis¬ 
ease  has  been  discussed  by  several  comment ators.*’  ®  Although  field  surveys 
of  gingivitis  prevalence  have  been  carried  out  using  the  P.  M.  A.  index  of 
Massler  and  Schour/’’"  studies  dealing  with  more  advanced  stages  of  tissue 
destruction  have  generally  been  based  upon  collections  of  case  histories,  with 
all  of  the  drawbacks  inherent  in  such  data,”  and  have  ordinarily  been  limited 
to  estimates  of  the  (jualitative  presence  or  absence  of  disease  without  regard  to 
its  severity,”  or  of  quantitative  bone  loss  as  determined  by  radiographs  alone, 
without  reference  to  clinical  appearance.**-  A  committee  of  the  University  of 
^lichigan  Periodontal  Workshop  stated  that  “the  lack  of  valid  indexes  for 
determining  the  prevalence  and  epidemiological  characteristics  of  periodontal 
diseases  has  hindered  seriously  the  development  of  more  effective  preventive  and 
treatment  procedures  for  these  diseases.”*  The  Council  on  Dental  Health  of  the 
American  Dental  As.sociation  commented  that,  “The  prevalence  of  the  disease 
has  not  been  measured,  largely  because  of  inadecpiate  measuring  devices.”** 
This  report  describes  a  method  for  scoring  the  effects  of  periodontal  disease 
whicli  permits  quantitative  comparisons  between  or  within  human  populations, 
and  which  may  be  applied  swiftly  and  with  a  minimum  of  eciuipment  in  the  field. 

METHOD  AND  CRITERIA 

In  general,  the  problems  inherent  in  the  formulation  of  an  epidemiologic 
measure  for  periodontal  disease  parallel  those  which  were  encountered  and 
solved  in  the  development  of  an  epidemiology  of  dental  caries.  In  both  areas 
the  raw  data  employed  do  not  represent  an  objective  measurement*  (such  as 
estimation  of  the  pH  of  a  solution)  but  rather  a  series  of  relatively  subjective 
clinical  diagnoses.  Two  principal  difficulties  arise:  (a)  there  are  wide  varia¬ 
tions  in  the  skill  and  judgment  of  individual  examinei-s,  and  (b)  in  any  such 
series  there  will  occur  a  considerable  number  of  cases  in  which  the  proper 
diagnosis  is  doubtful. 

Since  the  object  of  the  epidemiologist  is  to  define  relative  prevalence  (or 
risk)  by  contrast  in  two  populations,  the  primary  requisite  of  an  epidemiologic 
method  is  comi)aral)ility  of  results.  With  the  i)resent  scoring  method  (as  in 
dental  caries),  this  eomiiarability  has  been  achieved  through  rigid  suppression 
of  examiner  judgment,  in  favor  of  a  disciplined  application  of  criteria  which 
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accept  only  positive  sisns  as  an  indication  of  disease.  This  limits  repoitin«»:  to 
relatively  late  stajjjes,  wlu*rein  the  signs  are  clear,  obvious,  and  unmistakable. 
In  consecpienee,  population  scores  so  obtained  represent  an  underestimation 
from  the  clinical  point  of  view,  but  the  degree  of  underestimation  is  uniform 
throughout  the  study  groups,  and  its  magnitude  can  be  computed.  This  is  the 
usual  situation  when  an  epidemiologic  measure  is  applied  and  is  unavoidable 
if  comparability  is  to  be  attained. 

Like  the  DMF  examination,  the  basic  method  is  capable  of  the  many  permu¬ 
tations  which  follow  the  application  of  special  examination  skills  and  ecpiip- 
ment,  and  might  prove  useful  in  a  clinical  study  situation.  With  the  exception 
of  the  brief  test  to  be  described,  however,  that  possibility  has  not  been  explored 
here. 

The  method  is  essentially  similar  to  that  followed  in  scoring  dental  caries 
in  experimental  animals,^®  or  in  as.sessing  dental  fluorosis  in  human  populations.'" 

The  condition  of  the  investing  ti.ssues  is  estimated  individually  for  each 
tooth  in  the  mouth,  and  is  scored  according  to  a  progressive  scale  which  gives 
relatively  little  weight  to  soft  tissue  inflammation  and  relatively  great  weight 
to  destruction  of  bone.  The  score  for  an  individual  patient  is  the  arithmetic 
average  of  the  scores  for  the  teeth  in  his  mouth.  The  population  score  is  the 
arithmetic  average  of  the  individual  scores  for  the  persons  examined.  Scores 
may  be  computed  for  a  population  of  teeth  (for  example,  for  mandibular  first 
incisors)  as  w’ell  as  for  persons. 

Required  field  equipment  has  been  reduced  to  a  minimum.  Mouth  mirror 
and  explorer  are  supplemented  occasionally  by  a  straight  Jacquette  scaler  or 
the  chip  blower  for  demonstration  of  a  periodontal  pocket.  Adequate  light  is 
essential,  preferably  from  a  source  corrected  to  the  approximate  color  of  sunlight. 

Criteria  for  field  scoring  are  outlined  in  Table  I,  which  also  summarizes  the 
x-ray  criteria  used  in  the  clinical  test  of  the  method,  to  be  described  later  in 
this  paper. 

Each  tooth  is  scored  according  to  the  clinical  condition  of  its  supporting 
tissues.  In  the  absence  of  overt  inflammation  in  the  free  gingivae,  or  loss  of 
function  due  to  destruction  of  investing  tissues,  a  tooth  is  considered  to  be 
negative  and  is  assigned  a  score  of  zero.  The  scale  provides  for  two  stages  of 
simple  gingivitis,  differing  only  'in  the  extent  of  inflammation,  and  scored  1 
and  2.  A  score  of  6  is  assigned  when  a  periodontal  pocket  is  demonstrated, 
except  when  tissue  destruction  is  so  far  advanced  that  masticatory  function 
has  been  impaired;  in  this  case  the  highest  score,  8,  is  given.  When  radiographs 
are  studied  it  is  sometimes  possible  to  detect  bone  resorption  prior  to  the  ap¬ 
pearance  of  a  frank  periodontal  pocket.  In  the  clinical  test  such  ca.ses  were 
assigned  an  intermediate  score  of  4. 

Several  weighting  systems  were  tried  and  discarded  before  the  present 
scoring  scale  was  adopted.  It  is  designed  to  place  the  greater  emphasis  on 
advanced  disease,  and  to  minimize  examiner  disagreement.  In  application,  the 
most  difficult  decision  required  of  the  examiner  would  seem  to  be  that  of 
distinguishing  between  negative  gingivae  and  gingivae  with  mild  gingivitis. 
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Tabi,e  1 

Lkitekia  k<»k  the  Pekioih»ntal  Score 

AIMMTIONAIi  X-RAY  CRITERIA  K01,IA)VVE1> 

SCORE  <'R1TERIA  ANI>  SCORING  KOR  KIE1,I>  STCIMES  IN  THE  CUNICAR  TEST 

0  Nrfiative.  Then*  is  neither  overt  inflaiu-  Radiographic  appearance  is  essentially 
Illation  in  the  investing  tissues  nor  loss  normal 
of  function  due  to  destruction  of  sup¬ 
porting  tissues 

1  Mild  Ginffivitis.  There  is  an  overt  area 

of  inflammation  in  the  free  gingiva»‘, 
but  this  area  does  not  eircumscrilie  the 
tooth 

2  Gingivitis.  Inflammation  completely  cir- 

cumscrilies  the  tootli,  but  there  is  no  ap¬ 
parent  br(*ak  in  the  epithelial  attach¬ 
ment 

4  (Not  used  in  the  field  study)  There  is  early,  notchlike  resorption  of 

the  alveolar  crest 

6  Gingivitis  with  Pocket  Formation.  The  There  is  horizontal  bone  loss  involving 
epithelial  attachment  has  been  broken  the  entire  alveolar  crest,  up  to  half  of 
and  there  is  a  pocket  (not  merely  a  the  length  of  the  tooth  root  (distance 
deepened  gingival  crevice  due  to  swell-  from  apex  to  cement o-enamel  junction) 
ing  in  the  free  gingivae).  There  is  no 
interference  with  normal  masticatory 
function,  the  tooth  is  firm  in  its  socket, 
and  has  not  drifted 

8  .idvanced  Destruction  with  Loss  of  Masti-  There  is  advanced  lione  loss,  involving 
eatory  Function.  The  tooth  may  be  more  than  one-half  of  the  length  of 

loose ;  may  have  drifted ;  may  sound  the  tootli  root ;  or  a  definite  intrabony 

dull  on  percussion  with  a  metallic  in-  po<*ket  with  definite  widening  of  the 

strument ;  may  be  depressible  in  its  periodontal  membrane.  There  may  be 

socket  root  resorption,  or  rarefaction  at  the 

apex 

RULE:  When  in  doubt,  assign  the  lesser  score 

Comparability  at  this  point  is  enlianced  if  a  score  for  ginjrivitis  is  assigned  only 
.when  the  inflammation  is  clearly  evident  at  first  glance  in  good  light  and  the 
effect  of  disagreement  here  is  minimized  by  the  manner  in  which  .scoring  is 
weighted.  Throughout  the  scale,  the  problem  of  the  (piestionable  diagnosis  is 
avoided  by  the  rule  which  instructs  the  examiner  to  assign  the  les.ser  score  wlien- 
ever  he  finds  himself  in  doubt. 

The  score  reflects  the  average  status  of  periodontal  tis.sues  in  a  given 
mouth,  without  reference  to  the  type  or  etiology  of  disease.  In  our  studies 
the  latter  information  has  been  recorded  on  the  examination  form  as  a  footnote. 

THE  CLIXIC.4L  TE.ST 

The  effect  of  field  underestimations  upon  group  scores  was  tested  in  what 
wa.s,  essentially,  a  clinical  study.*  It  dealt  with  200  con.secutive  patients  in  the 
Clinical  Center  of  the  National  Institutes  of  Health  who  were  given  l)oth  visual 
and  x-ray  examinations  in  the  Dental  Clinic,  beginning  in  December  of  1953. 
Some  had  been  referred  to  the  National  Institute  of  Dental  Research  as  possible 

*For  example,  one  in  which  the  observer  is  free  to  use  his  highest  skill  and  judgment, 
and  auxiliary  diagnostic  aids,  in  the  interest  of  complete  reporting  and  at  the  sacrifice  of 
quantitative  comparability  with  a  similar  study  carried  out  by  a  different  observer. 
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participants  in  a  study  of  methods  used  in  periodontal  treatment.  Most  of 
them  had  been  admitted  for  study  of  a  systemic  ailment  by  one  of  the  other 
Institutes. 

All  of  the  examinations  followed  the  same  routine.  The  periodontal 
score  was  the  first  item  recorded.  A  paraffin-stimulated  sample  of  saliva  was 
then  taken  for  bacteriolofiic  study.  This  procedure  was  followed  by  a  detailed 
oral  examination,  usinj;  month  mirror  and  explorer.  Carious  lesions,  missiii" 
teeth,  and  restorations  were  sketched  on  a  representational  tcmth  chart.  The 
condition  of  the  head  and  neck,  temporomandibnlar  joint,  lips,  labial  and  buccal 
mucosa,  .subliiifrual  area,  tonjjue,  pharynx  and  tonsillar  re"ion,  the  hard  palate, 
and  the  state  of  occlusion  were  specifically  observed  and  described.  Fourteen 
periapical  x-ray  films  and  two  posterior  bite-wing  films  were  then  exposed. 
Final  diagnoses  were  dictated  by  the  examiner  after  study  of  the  patient’s 
clinical  records  and  of  the  dried  and  mounted  x-ray  films,  with  the  aid  of  notes 
made  at  the  time  of  examination  which  described  the  color,  texture,  tone,  and 
general  status  of  the  gingival  tissues. 

All  of  the  examinations  were  carried  out  by  regularly  a.ssigned  dental  clinic 
personnel,  with  the  exception  of  a  .sample  of  periodontal  examinations  per¬ 
formed  by  the  author  for  purposes  of  calibration.  In  each  ease  the  x-ray  films 
were  studied,  and  scores  revised,  according  to  the  criteria  listed  in  Table  I, 
by  the  author  without  reference  to  the  examiner's  final  findings. 

The  effect  of  this  procedure  was  to  raise  the  mean  score  for  the  group  as 
a  whole  from  1.20  to  1.45.  There  was  a  general  upward  revision  at  all  levels 
of  disease,  as  shown  in  detail  in  Table  II,  with  a  high  degree  of  correlation 
between  the  .scores  derived  by  the  two  methods  (r  =  f.83).  The  relationship 
was  approximately  straight  line,  as  shown  in  Fig.  1. 

Table  II 

The  Relation  Between  Periodontal  Scores  Assessed  by  Visual  Examination  Aia)ne. 

AND  BY  Visual  Examination  Supplemented  by  X-ray,  in  200  Conseci’tive  Patients 
Seen  in  the  Dental  Clinic  of  the  Clinical  Center  at  the  National  In.stitutes 
OF  Health,  Bethesda,  Maryiand 


RANOE  OF  PERIOIKINTAL  SCORES, 
VISUAL  AU)XE 

NUMBER  OF 

PERSONS 

EXAMINED 

MEAN 

VISUAL  ALONE 

SCORES 

VISUAL, 

SUPPLEMENTED 

BY  X-RAY 

zero 

77 

zero 

.17 

.1-  .3 

34 

.20 

.42 

.4-  .9 

26 

.63 

.83 

1.0-I.9 

23 

1..33 

1.97 

2.0-4.9 

24 

3.41 

3.77 

5.0-8.0 

16 

6.54 

6.60 

.\11  pt'rsons  exiiMiiiitMt 

200 

1.20 

1.45 

In  128  of  the  200  cases  there  was  no  dift'erenee  between  the  original  score 
(applied  as  it  would  have  been  used  in  the  field)  and  the  final  score  after 
study  of  the  radiographs.  In  59  additional  casi's,  the  average  underestimation 
was  0.4  per  pemm,  with  nearly  all  of  the  difference  due  ti'  the  discovery  of 
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befjinning  bono  resorption,  usually  associated  with  a  proximal  restoration.  In 
the  remaining  13  cases,  the  severity  of  disease  was  grossly  underestimated  by 
the  field  method,  wdth  x-ray  revision  raising  the  average  scores  per  person  by  1.9. 

Wliile  this  finding  presents  an  excellent  argument  that  the  x-ray  is  essential 
in  patient  treatment,  or  in  the  usual  clinical  study  where  individual  patient 
response  is  important,  such  deviations  are  (luite  tolerable  in  the  epidemiologic 
study  so  long  as  they  are  random,  i.e.,  as  apt  to  occur  in  one  group  as  in  an¬ 
other.  These  were  research  study  patients,  and  the  available  data  concerning 
their  physical  condition  and  social  background  were  exceptionally  detailed  and 
complete.  No  association  could  be  discovered  between  scoring  differences,  as 
returned  by  the  2  methods  of  examination,  and  age,  sex,  race,  or  the  general 
sort  or  specific  type  of  physical  ailment.  It  was  concluded  that  the  field  method 
will  return  a  gross  underestimation  in  from  3  to  10  per  cent  of  individual  cases 
when  groups  of  this  size  are  studied,  and  that  these  cases  will  be  randomly 
distributed  throughout  the  study  populations. 

(/) 


1. — Vi.sual  and  visual  plus  y.-ray  periodontal  scores  in  200  Clinical  Center  patients. 

Given  these  conditions,  and  so  far  as  the  difference  between  2  groups  is 
concerned,  it  is  obvious  that  about  the  same  finding  wdll  be  returned  whether 
x-ray  is  used,  or  whether  the  estimate  is  based  upon  the  field  examination  alone. 

By  w’ay  of  illustration,  in  this  study  group  white  males  .show  slightly  but 
not  significantly  higher  mean  .scores  than  do  white  females,  by  either  method 
of  appraisal.  Using  the  field  method  the  respective  mean  scores  are  1.27  and 
1.04  with  a  P  value  of  .46*:  using  the  clinical  method,  the  respective  scores  are 
1.55  and  1.30,  with  a  P  value  of  .45. 

•A  difference  as  great  or  greater,  due  to  sampling  error  alone,  may  be  expected  in  about 
46  of  100  similar  trials. 
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The  same  order  of  comparability  between  these  methods  was  observed 
throughout  a  series  of  experimental  sortings,  in  which  the  200  examination 
cards  were  allocated  to  artificial  study  groups  with  predetermined  character¬ 
istics.  A  sort  designed  to  produce  approximately  equal  scores  in  2  equal  divi¬ 
sions  yielded  scores  of  1.18  against  1.24  with  the  field  method  of  examination, 
contrasted  with  1.44  against  1.48  with  the  clinical  method,  with  P  values  of 
.83  and  .89,  re.spcctively.  A  sort  based  upon  a  clinically  significant  difference 
(all  cases  in  which  extensive  extractions  were  required  because  of  periodontal 
disease  were  assigned  to  the  same  group,  with  other  differences  balanced)  yielded 
field  scores  of  .79  vs.  1.61,  and  clinical  .scores  of  .96  vs.  1.94,  with  a  P  value 
of  less  than  .01  in  both  cases.  A  sort  for  extreme  differences  produced  field 
scores  of  .11  vs.  2.31,  and  clinical  scores  of  .25  vs.  2.67;  in  both  instances  the 
difference  between  the  2  scores  was  about  8  times  its  standard  error. 

In  an  independent  stud}’,  the  field  score  was  applied  by  Examiner  E  to 
110  long-term  residents  of  Bartlett,  and  Cameron,  Texas.  Fourteen  periapical 
x-ray  films  were  then  exposed  for  each  patient.  These  films  were  studied  inde¬ 
pendently  by  4  dental  examiners  who  as.sessed  the  amount  of  alveolar  bone 
resorption.'®  Mean  periodontal  scores  for  persons  with  no  bone  resorption,  or 
with  mild,  moderate,  or  severe  bone  resorption,  were  as  follows; 


BONE  RESORPTION  ON  X-RAY 
(CONSENSUS  OF  FOUR 
EXAMINERS) 

NU.MBKR  OF  PER.SONS 

MEAN  PERIOIKINTAL  SCORE  BY 

FIEUI)  METHOD 

None 

11 

.89 

Mild 

51 

1.14 

Moderate 

34 

2.13 

Severe 

14 

4.81 

On  the  basis  of  these  2  tests  it  was  concluded  that  the  field  method  of  scor¬ 
ing  is  ade(iuate  to  determine  the  relative  periodontal  status  of  2  groups  or  popu¬ 
lations. 

RELATION  OF  SCORE.S  TO  CLINICAL  SEVERITY 

A  numerical  score  is  useful  in  epidemiologic  studies  only  if  it  corresponds, 
in  magnitude,  with  the  severity  of  the  disease  to  which  it  is  applied.  To  illus¬ 
trate  the  relationship  between  the  present  score  and  periodontal  disease,  the 
findings  for  persons  in  the  Clinical  Center  series  were  tabulated  according  to 
the  final  diagnosis,  arrived  at  by  the  individual  examiner  after  his  careful  study 
of  the  patient’s  x-ray  films  and  clinical  records. 

Despite  some  confusion  in  terminology,  it  was  possible  to  determine  from 
his  summary  of  the  case  whether  the  examiner  had  considered  the  periodontal 
tissues  to  be  essentially  normal  in  a  given  patient,  or  whether  there  was  a 
gingivitis  without  appreciable  bone  loss,  or  whether  the  patient  was  in  a  state 
of  transition  from  simple  gingivitis  to  more  severe  tissue  destruction,  or 
whether  periodontal  disease  (designated  as  “  periodonto<*lasia  ”  on  the  exam¬ 
ination  form)  was  frank  and  established,  or  w’hether  it  had  progres.sed  to  a 
terminal  stage  (as  evidenced  by  his  recommendation  for  extensive  extractions). 
On  these  bases  the  patients  were  divided  into  5  groups  with  increasingly  severe 
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disease,  and  mean  scores  and  standard  deviations  were  computed  for  each  group 
(Table  III).  About  the  same  patterns  were  seen  when  results  were  tabulated 
separately  for  the  several  examiners,  except  that  there  was  true  disagreement 
among  them  as  to  the  dividing  line  between  simple  gingivitis  and  incipient 
‘  ‘  periodontoclasia.  ’  ’ 


Table  III 

Relations  Between  Clinical  Diagnoses,  Mean  Perioikintal  Scores,  and  Scoring  Ranges 

IN  Two  Groi'PS  of  Adults 


200  CLINICAL  CENTER  PATIENTS, 
1953-54 

601  COLORADO  ADULTS,  1950 

examiners:  a,  b,  c,  d 

EXAMINER:  A 

CLINICAL  DIAGNOSES 

NUMBER 

EXAMINED 

MEAN 

SI'ORE 

MOST  SCORES 

IN  RANGE 
OF* 

NUMBER 

EXAMINED 

MEAN 

1  SCORE 

MOST  SCORES 
IN  RANGE 
OF* 

Normal 

79 

.01 

Oto  .1 

347 

.04 

.Oto  .2 

Gingivitis 

49 

.53 

.1  to  1.0 

116 

.59 

.3  to  .9 

Bevore  gingivitis  to  incipient 
periodontoclasia 

16 

.77 

.3  to  1.3 

77 

1.31 

.7  to  1.9 

Periodontoclasia 

44 

2.81 

1.0  to  4.6 

51 

3.29 

1.6  to  5.0 

Terminal  pt'riodontoclasia 

12 

6.43 

4.9  to  8.0 

10 

5.94 

3.8  to  8.0 

All  ca8«*s 

200 

1.20 

0  to  3.2 

601 

.68 

.0  to  1.9 

•Mean  score  plus  and  minus  one  standard  deviation  of  the  mean. 


Table  III  also  includes  the  array  of  means  and  standard  deviation  intervals 
as  determined  for  the  first  adult  group  to  which  the  field  scoring  method  was 
applied  in  its  present  form.  This  group  included  601  Colorado  natives  aged 
16  through  44  years.  They  were  examined  in  1950.**’ 

EXAMINER  COMPARABII.ITY 

In  eases  of  gingivitis,  or  more  advanced  disease,  examiner  agreement  is 
excellent,  given  examiners  who  are  well  calibrated  and  who  are  so  familiar 
with  the  criteria  that  their  responses  are  very  nearly  automatic  acts.  When 
frank  disease  was  encountered  there  was  virtually  no  difference  between  the 
3  principal  examiners  in  the  Clinical  Center  series,  as  judged  by  calibration 
with  examiner  A,  or  by  the  deviations  of  their  field-method  scores  from  x-ray 
findings  for  the  same  persons.  Most  disagreement  occurs  at  the  threshold  point, 
i.e.,  at  the  point  of  deciding  whether  a  given  area  of  free  gingiva  is  normal  or 
slightly  inflamed.  Here  examiners  may  differ  systematically,  despite  efforts  at 
calibration.  This  has  little  effect  on  group  averages  in  most  adult  populations, 
where  the  means  tend  to  be  dominated  by  high-scoring  individuals  with  ad¬ 
vanced  disease.  In  j’oung  populations,  where  mild  gingivitis  is  usually  the 
most  severe  .stage  of  disease  to  be  seen  and  the  majority  of  individuals  score 
zero,  the  effect  of  such  disagreement  is  more  overt.  Some  typical  findings  re¬ 
turned  by  4  trained  and  calibrated  epidemiologic  examiners,  for  children  in 
whom  the  general  level  of  disease  was  low,  are  listed  in  Table  IV.  Where  dual 
examinei*s  are  indicated  in  this  tabulation,  the  2  men  saw  equivalent  samples 
from  the  same  universe  and,  within  the  limits  of  sampling  error,  should  have 
returned  the  same  estimates.  It  will  be  observed  that  examiner  (f  is  con¬ 
sistently  higher  than  his  fellows  by  a  margin  of  about  .05,  but  that  examiners 
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A,  K,  and  F  tend  to  report  similar  seor(*s.  It  may  be  prudent  to  eonsider 
difforenees  of  such  small  magnitude  to  1m*  meaninj;less,  i)artienlarly  when  fironp 
scores  fall  within  the  limits  of  “normar’  as  estimated  in  Table  III  (i.e.,  from 
zero  to  .1  or  .2)  unless  both  fironps  have  been  surveyed  by  the  same  examiner. 


Tabi.e  IV' 

PERioitoxTAi.  Scores  Retcrned  by  V’ariocs  Examiners  eor  V'akious  Popi;i.ations  ok 

C'hii,i«en 


POPl'IJVTION 

ncmber 

EXAMINEIt 

■MEAN  AOE 
(  YKAR.S) 

EXAMINER 

(S) 

PERIO- 

IK)NTAI, 

SCORE 

a.  Bovs  and  girls  aged  12  to  14  years  in 

286 

1.3.1 

A 

.0.3 

a  Junior  High  Seliool,  Maryland,  1952 

244 

1.3.1 

E 

.03 

b.  Boys  and  girls  aged  12  to  14  years  in 
a  Junior  High  School  (adjacent  to 
school  a),  Maryland,  1952 

359 

13.0 

F 

.06 

c.  Boys  and  girls  aged  12  to  14  years  in 

270 

1.3.0 

A 

.07 

a  Junior  High  School,  Maryland 
(same  school  as  in  a),  1954 

285 

1.3.0 

(} 

.11 

(1.  Boys  and  girls  aged  12  to  14  years  in 

234 

13.0 

A 

.05 

a  Junior  High  School,  Maryland, 
1952 

236 

1.3.1 

E 

.05 

p.  Bovs  and  girls  age<l  12  to  14  years  in 

117 

1.3.7 

E 

.14 

a  Junior  High  School,  Maryland 
(same  .school  as  in  d),  195.3 

198 

13.8 

(i 

.20 

f.  Eleventh  grade  hoys  and  girls  in  Mich- 

7.3 

15.9 

A 

.08 

igan,  1952 

80 

15.9 

F 

.05 

g.  Eleventh  grade  Imvs  and  girls  in  Mich- 

73 

16.2 

A 

.08 

igan,  1952 

75 

16.0 

F 

.08 

h.  Boys  and  girls  aged  12  to  14  years  in 
Illinois,  195.3 

1  585 

1.3.0 

E 

.09 

DISCISSION 

In  the  evolution  of  this  seoriii"  method  to  its  present  form,  several  devices 
have  been  tested  and  discarded,  in  the  interest  of  comiiarability  or  to  eliminate 
needless  effort. 

For  purposes  of  Rroup  seorin*;,  for  example,  information  on  actual  pocket 
depth  (either  linearly,  as  in  miliimetei*s  or  anatomically,  in  terms  of  bifurcation 
or  trifurcation  involvement)  added  little  and  proved  to  be  a  troublesome  focus 
of  examiner  disaf?reement.  Observers  were  more  readily  able  to  ajjree  whether 
a  pocket  was  present  or  not  and,  if  present,  whether  or  not  funetion  had  been 
impaired.  This  differentiation  proved  fine  enough  to  provide  delicate  gradations 
in  scoring. 

Histories  of  missing  teeth  were  found  to  be  redundant.  If  an  individual 
has  already  lost  teeth  because  of  iieriodontal  involvement,  there  is  a  strong 
likelihood  that  his  i*emaining  teeth  will  show  extensive  disease. 

The  progres.sive  lo.ss  of  teeth  with  advancing  disea.se  requires  that  the  score 
be  expres.sed  as  the  average  condition  of  the  teeth  remaining  in  the  mouth.  A 
score  expressed  as  a  total  number  of  units  may  drop  sharply,  in  iioiiulation 
groups,  as  disease  advances  and  teeth  are  lost. 
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Scoros  based  upon  the  anterior  teeth  alone,  thou«j:h  adequate  to  define  rela¬ 
tive  prevalenee  in  populations  with  no  more  than  mild  };inj?ivitis,  failed  to 
disclose  real  difterenees  in  •rroups  of  jiersons  with  more  advanced  periodontal 
disease. 

Individual  scores  should  be  rounded  to  not  more  than  1  decimal  place  and 
population  scores  to  not  more  than  2  decimal  places. 

Tabulation  from  coded  examination  cards  requires  about  the  same  clerical 
effort  as  the  summation  of  any  single  item  of  dental  caries  information  (.such 
as  the  number  of  decayed  but  unfilled  teeth).  Scores  for  the  585  children 
listed  under  {h)  in  Table  IV  were  computed  and  tabulated  as  frequency  dis¬ 
tributions  in  about  3  hours’  clerical  time. 

While  these  distributions  tend  to  show  pronounced  right  skewness,  normal 
constants  are  ordinarily  appropriate. 

Unlike  the  number  of  decayed,  missing,  or  filled  permanent  teeth,  which 
is  the  cumulative  measure  of  the  patient’s  lifetime  caries  experience,  the  perio¬ 
dontal  score  is  a  morbidity  index,  and  may  regress  following  treatment. 

SUMMARY 

This  report  describes  a  (piantitative  method  of  scoring  periodontal  disease 
for  field  population  studies.  The  method  reejuires  a  minimum  of  equipment 
and  returns  comparable  results.  Its  criteria  are  described  and  its  rationale  is 
discussed.  The  basic  method  may  have  value,  with  appropriate  modifications, 
in  the  clinical  study. 
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USE  OF  EPOXY  RESINS  IN  RESTORATIVE  MATERIALS 
R.  L.  BOWEN,  D.D.S. 

San  Diego,  Calif. 

INTRODUCTION 

Modern  chemistry  has  developed  a  laifte  number  of  synthetic  resins.  Some 
of  the  new  types  are  exceptionally  heat  resistant,  others  chemically  inert, 
and  others  very  adhesive  to  certain  materials.  Not  all  of  these  have  been  ex¬ 
amined  extensively  with  an  object  of  finding:  an  application  in  dentistry.  It 
is  conceivable  that  some  of  these,  in  addition  to  the  methyl  methacrylate  resin, 
may  find  considerable  use  in  dentistry. 

The  methacrylate  resin  introduced  to  the  dental  profes.sion  as  early  as 
1937,^  has  been  the  one  most  carefully  studied  and  most  commonly  used  by 
the  dental  profession.  The  properties  of  poly  methyl  methacrylate  have  been 
carefully  described  by  PafPenbarger,  Nelsen,  Sweeney,  and  Coy.*’  *  Their  prop¬ 
erties  included  certain  limitations — a  coefficient  of  thermal  expansion  that  is  not 
equivalent  to  that  of  tooth  structure,  less  than  optimum  adhesion  to  tooth  struc¬ 
ture,  and  lack  of  color  .stability  for  the  direct  filling  resins. 

The  silicate  cements  have  the  well-known  limitation  of  relative  solubility 
and  disintegration  in  the  oral  environment.* 

These  limitations  led  to  the  study  and  consideration  of  synthetic  resins  other 
than  methyl  methacrylate  for  use  as  a  dental  filling  material.  The  use  of  many 
of  the  currently  available  resins  is  precluded  by  their  color,  curing  temperature, 
or  inability  to  take  inert  fillers.®  However,  one  of  the  relatively  new  types, 
the  epoxy  resin,  appeared  to  be  worth  investigation.  The  purpose  of  this  re¬ 
port  is  to  describe  gross  experimental  studies  of  one  epoxy  resin.®  This  investi¬ 
gation  was  primarily  aimed  at  developing  a  dental  material  with  the  following 
combined  properties:  a  coefficient  of  thermal  expansion  equivalent  to  that  of 
tooth  structure,  adhesion  to  the  tooth,  color  stability,  and  insolubility  in  the 
mouth. 

M.\TERIALS  AND  METHODS 

Coefficient  of  Thermal  Expansion, — The  tooth  expands  or  contracts  across 
the  crown  approximately  11  ppm  per  degree  centigrade.*  Without  any  filler, 
one  epoxy  resin®  has  a  linear  dimensional  change  of  about  67  ppm  per  degree 
centigrade.  However,  if  a  filler  with  a  low  coefficient  of  thermal  expansion  is 
added,  the  resultant  mixture  will  have  a  lower  thermal  expansion.  The  out¬ 
standing  adhesive  quality  of  the  epoxy  resins  suggests  their  use  as  a  binding 
agent  for  materials  with  low  coefficient  of  thermal  expansion.  Fused  quartz,  for 

This  paper  was  read  at  a  meeting  of  the  San  Diego  State  Coilege  Chapter  of  the 
American  Chemical  Society,  March  2,  1954. 

Received  for  publication  May  10,  1954,  revised  by  the  author  Jan.  24,  1955. 
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example,  has  a  linear  change  of  0.2  to  0.6  ppm  per  degree  centigrade,'  and  may 
be  used  as  a  filler  for  this  resin.®  Fused  quartz  powder  is  the  fundamental  filler 
used  in  the  mixtures  studied  in  this  investigation,  where  the  material  is  used 
for  tooth  restorations.  Other  fillers  are  preferable  when  the  material  is  used 
for  denture  bases  or  other  purposes. 

Fused  (juartz  powder,  produced  by  crushing,  was  sifted  through  .silk  screens 
of  known  mesh.  Particles  finer  than  325  mesh  were  separated  by  an  air  column. 
The  average  diameters  of  the  particles  of  the  separated  portions  were  estimated 
by  study  under  optical  magnification.  Measured  amounts  of  certain  of  the  por¬ 
tions  were  reunited,  duplicating  as  nearly  as  pos.sible  the  relationships  indicated 
in  Table  I. 

Table  I 


PARTICLES  1 

AVERAGE  IHAMETER  OK 
PARTICLES  ( IN  ARBITRARY 
rxiTS) 

COMPARATIVE  NCMBER  OK 

PARTICLES 

1 

1 

P. 

8-1 

46 

P, 

8-2 

462 

RESIN 

BETWEEN 

PARTICLES 


Fig.  1. 


FUSED 

QUARTZ 

AND 

PORCELAIN 

PARTICLES 


Mixtures  produced  in  this  way  appeared  to  have  good  strength,  and  tests 
indicated  that  thermal  expansion  as  low  as  10  ppm  per  degree  centigrade  and 
lower  w'as  obtained.  The  filler  to  resin  ratio  of  some  of  the  mixtures  was  greater 
than  4  to  1.  The  coefficient  of  thermal  expansion  of  22  samples  is  indicated  in 
Table  II. 

Adhesion  to  Tooth  Structure. — Tests  were  conducted  to  determine  the  ad¬ 
hesive  .strength  of  the  mixtures  described  above  to  the  prepared  tooth  surface. 
Molar  teeth  were  embedded  in  dental  stone.  The  occlusal  surface  was  ground 
away  with  a  cast  trimmer  until  a  flat  unbroken  surface  was  obtained.  Epoxy 
mixtures  w’ere  allowed  to  cure  in  contact  with  this  surface  and  an  arm  of  a 
testing  device.  The  materials  were  placed  in  contact  but  no  pres.sure  was  applied. 

Adhesion  was  te.sted  by  pulling  the  mixture  from  the  surface  in  a  direction 
parallel  to  the  surface,  producing  a  shear  disruption,  or  perpendicular  to  the 
surface,  producing  a  tensile  dismption.  A  spring  scale  and  levers  were  used  to 
measure  the  force  required  for  disruption. 

The  force  recjuired  for  separation  varied  with  the  lime  and  temperature  of 
curing,  condition  of  surface  when  mixture  was  applied,  and  temperature  and 
exposure  to  separating  fluids  when  adhesion  was  tested.  The  results  of  these 
tests  are  given  in  Table  III. 
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Table  11 


SA.MPI.E  TI':STElt 

LINEAR  COEFFICIENT  OF  THERMAI,  EXPANSION 
PER  DEGREE  CENTIGRADE 

X  10-e 

F— 1 

66 

p _ 2 

65 

F— 7 

61 

F— 8 

61 

F— 24 

58 

F— 11 

49 

F— 6 

46 

F— 10 

45 

p _ 22 

43 

F— 25 

.38 

F— 1.3 

.32 

F— 12 

,31 

F— 14 

27 

F— 15 

22 

F— 19 

20 

F— 20 

18 

F— 19A 

17 

F— 21 

14 

Teeth  aeross  erown.s* 

12 

Teeth  across  crowns* 

11 

F— 2.3 

10 

F— 28 

8.0 

F— 27 

6.3 

F-26 

5.3 

•According  to  same  device  witii  which  samples  measured.  These  samples  represent 
experimental  formulations  of  epyoxy  resins  with  various  fillers  and  ingredients. 


Color  Stability. — To  tost  color  stability  duriii};  exposure  to  ultraviolet  rays 
and  lig:ht,  a  sample  of  the  mixture  was  divided,  and  one  half  was  exposed  to  a 
Westin^house  275  W  Sun  Lamp  at  a  distance  of  4  feet,  15  minutes  per  day, 
for  4  months.  The  other  portion  was  kept  in  the  dark.  When  the  2  were 
put  side  by  side  and  compared,  there  was  no  difference  in  shade  or  color 
visible  to  the  unaided  eye. 

In  a  test  conducted  by  the  manufacturer,  an  uncured  epoxy  resin®  was 
exposed  to  ultraviolet  radiation  continuously.  After  exposure  for  3  months, 
the  resin  was  still  a  clear  transparent  amber,  but  the  color  had  approximately 
twice  the  orig:inal  intensity.  Beyond  3  months,  the  resin  began  to  bleach  and 
the  color  intensity  decreased. 

When  a  filler  to  resin  ratio  such  as  is  described  for  this  mixture  is  used, 
the  relatively  small  intrinsic  color  change  of  the  resin  probably  produces  no 
appreciable  color  change  of  the  total  mixture.  If  further  tests  prove  it  neces.sary, 
the  resin  could  be  radiated  before  the  mixture  is  i)repared  and  pigments  are 
added.  Other  sources  of  color  change  will  be  considered  in  the  discussion. 

DISCUSSION 

Epoxy  Resins. — The  relatively  new^  epoxy  resins  were  developed  about 
1940  and  have  found  uses  of  commercial  importance  only  in  the  last  2  or  3 
years.®  Epoxy  resins  are  outstanding  in  adhesion  to  various  materials  such  as 
metals,  wood,  plastics,  and  glass.®  They  are  thermosetting  resins  that  will  cure 
at  room  temperature.  They  form  solids  having  good  strength  and  chemical 
stability.  They  have  a  transparent,  light  amber  or  straw  color  that  allows  al- 
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most  unlimited  color  possibilities  when  appropriate  pigments  are  used.  In  the 
uncured  state  at  room  temperature,  one  epoxy  resin*  is  a  viscous  li(piid.  After 
the  curing  agent  is  mixed  with  it,  the  resin  becomes  increasingly  viscous  and 
cures  to  an  infusible  solid.  The  high  degree  of  cross  linkage  betw’een  polymer 
chains  is  believed  to  give  the  infusible  thermoset  properties.  A  thermoset  resin, 
such  as  a  cured  epoxy  resin,  is  generally  less  affected  by  solvents,  chemicals, 
and  heat  than  a  thermoplastic  resin  such  as  methyl  methacrylate.  The  poly¬ 
merizing  process  occurs  through  the  epoxide  groups,  the  three-membered  rings 
containing  oxygen.  In  the  epoxy  group,  the  ring  exists  in  a  strained  and  some¬ 
what  unstable  condition  and  is  very  prone  to  open  and  combine  with  compounds 
having  an  available  hydrogen.  Reaction  (1)  is  spontaneous  at  room  tempera¬ 
ture.”  lender  proper  conditions,  other  epoxy  groups  then  react  with  the  newiy 
formed  hydroxy  radicals,  forming  the  cro.ss  linkage  that  gives  the  thermoset 
characteristics  to  the  cured  resin,  reaction  (2). 
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O  II  II 
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The  reactions  are  exothermic  and  irreversible.  The  relatively  small  amount  of 
resin  and  bulk  of  inert  filler  would  probably  preclude  any  overheating  of  a 
tooth  by  the  reaction  in  vivo. 

Coefficient  of  Thermal  Expansion. — To  obtain  a  coefficient  of  thermal  ex¬ 
pansion  as  low  as  tooth  structure,  a  high  filler  to  resin  ratio  w'as  found  neces¬ 
sary.  To  obtain  this,  w’hile  maintaining  strength  of  the  cured  mixture,  special 
attention  was  given  to  the  relative  sizes  of  the  filler  particles.  These  sizes  were 
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calculated  so  that  smaller  particles  would  fit  in  the  spaces  between  tightly 
packed  larger  particles  (Fig.  1).  In  effeet,  these  smaller  particles  rtnlaced 
their  volume  of  resin  when  the  resin  was  added  to  produce  the  mixture.  It 
was  reasoned  that  so  long  as  there  were  no  voids  or  filler-particle  surfaces 
that  were  not  wetted  by  the  resin,  raising  the  filler  to  resin  ratio,  per  se,  vould 
not  greatly  weaken  the  mixture  (Table  I,  Fig.  1). 

Adhesion  to  the  Tooth. — While  the  epoxy  type  of  resin  has  outstandi  g  ad¬ 
hesion  to  metals,  wood,  gla.ss,  and  most  plastics,  there  is  little  or  no  bi  <iding 
to  polyethylene,  fluorinated  thermoplastic  polymers,  cellulose  acetate,  carrauba 
wax,  and  certain  silicones.'*  The  prepared  tooth  surface,  in  vivo,  is  not  a  f.  nplc 
material  that  would  allow  the  degree  of  adhesion  of  an  epoxy  resin  to  b«  pre¬ 
dicted.^® 

Tabi.e  III 


SAM1*I,E,  OR 
KORMCLA- 

TION 

.NVMBER 

APPROXIMATE 

ADHESION  IN 
I.B.  PER  .SQ.  IN. 

(TRINO  TIME 

A.NI)  TEMPERA- 
TORE  IN  “  E. 

TOOTH 

Sl’REACE 

WHEN  APPLIED 

WETTING 

SOMTIONS 

rSED 

ADHE^  N 

TEST,  i 

CONDIT.  S'S 

F  24 

aOO  sliear;  <ie- 
laniiimtion 

48  hours;  room 
temp. 

Dry,  untreated 

11,0  and  deter¬ 
gent  24  hours 

Wet,  roor 
tempere  re 

F  24A 

210  shear 

.‘10  minutes; 
240°  F. 

Dry,  untreated 

None 

Dry,  roon  •in- 
peraturc 

F  25 

100  sliear 

Koom  temp. ; 
poor  mixture ; 
stayed  soft 

Dry,  untreated 

H,0  and  deter¬ 
gent  24  hours 

Wet,  room 
temperature 

F  2(i 

400  shear ;  tle- 
laininatioii 

Room  temp. 

ATA  Solution 
;J0  minutes; 
aeetone.  Res. 
layer,  I.  R. 

10  minutes 

11,0  and  deter¬ 
gent  dO  min. 

Wet,  room 
temperat  c 

F  27 

470  tensile;  de- 
laiiiiiiatioii 

Three  weeks; 
room  temp. 

Dry,  untreated 

11,0  and  deter¬ 
gent  two 
weeks,  10% 
alcohol 

Wet,  room 
temperatr 

F  28 

None 

Two  wiH'ks ; 
room  temp. 

Dry,  untreated 

11,0  and  deter¬ 
gent,  10% 
acetone;  Im¬ 
mersed  imme¬ 
diately  after 
appl. 

Wet,  room 
tempera^  I  e 

F  29 

740  shear;  de- 
laniination 

Two  wt*eks ; 
room  temp. 

EDT.V  Solution  IKO  two  days 
one  minute 
acetone- 
washed 

Wet,  room 
temperature 

However,  the  surface  of  glass  and  wood  under  atmospheric  conditions  con¬ 
sists  essentially  of  exposed  -OH  groups.”  The  cured  epoxy  resin  also  contains 
many  free  -OH  groups.®  One  theory'  of  the  adhesion  in  such  cases  is  that  of 
electrostatic  attraction  between  materials  of  similar  jpolarity.®  The  positive 
surface  charge  of  the  ajpatite  crystal,  wdiich  makes  uj)  a  large  portion  of  the 
tooth,  can  be  raised  or  lowered  by  heterionie  exchange.'"  The  treatment  of  the 
cut  surface  of  the  tooth  with  ethylene  diamine  tetra-acetic  acid  probably  re- 
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places  the  available  calcium  ions  that  it  se<iues'tcrs  or  chelates  from  the  tooth, 
with  hydrofjen  ions  (hydronium  ions,  H^O*)  which  it  "ives  up.  The  rcsultinjr 
chaiifre  in  the  electrostatic  charge  of  the  tooth  surface  may  then  approximate 
that  of  other  materials  with  surfaces  consistiix"  essentially  of  eximsed  -OH 
"roups. 

To  remove  loosely  hound  calcium  ions  and  to  adjust  the  polarity,  the  cut 
surface  of  the  tooth  Avas  washed  with  a  solution  of  ammonium  triacetic  acid 
or  ethylenediamine  tetra-acetic  acid  which  are  chelating  compounds  that  actively 
se<|uester  metallic  ions.  These  treatments  empirically  improved  the  strength 
and  moisture  resistance  of  the  resin’s  adhesive  bond  (Table  III). 

While  the  adhesion  of  this  type  of  resin  to  the  surfaces  of  most  materials 
is  considered  to  be  due  only  to  electrostatic  or  ionic  adhesive  forces,®  it  would 
appear  possible  that  coordinate  or  covalent  bonding  might  occur  between  the 
epoxy  type  resin  and  the  prepared  tooth  surface  under  the  proper  conditions. 
When  the  exposed  protein  phase  of  the  tooth  is  included,  the  es.sentially  free 
groups  and  their  possible  reactions  are  as  follows: 
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Wliere:  A  is  a  metallic  atom  (such  as  a  calcium  of  the  apatite  lattice), 

B  is  an  electron  donor  (such  as  a  nitrogen  or  o.\ygen  atom  of  the  resin  molecule)  and 
represents  a  coordinate  bond. 


Since  reaction  (5)  would  give  a  product  with  relatively  low  water  stability,  an 
attempt  was  made  to  remove  carlmxyl  radicals  from  the  free  surface  of  the 
tooth.  Various  decarboxylating  agents  were  used.  While  these  reactions  are 
hypothetical,  it  should  be  noted  that  the  epoxy  group  is  a  very  reactive  one  and 


300 


RO\V?]N 


J.  D.  Res. 
June.  1956 


that  in  some  of  tlie  tests  there  was  delainination  of  the  tooth  or  mixture  when 
adhesion  was  tested,  even  after  24  hours  of  submersion  in  wettin};  solutions 
(Table  HI).  Whatever  the  meehanism  of  bonding,  the  attachment  or  adhesion 
is  increased  by  the  fact  that  the  coefficient  of  thermal  expansion  of  both  the 
mixture  and  the  tooth  are  nearly  ecpial,  and  by  the  mixture  having  relatively 
little  shrinkage  during  cure." 

Color  Stability. — While  no  conclusive  testing  to  determine  color  stability 
has  been  made  on  this  epoxy  mixture,  certain  comparisons  with  the  self-euring 
methyl  methacrylate  resins  are  encouraging.  The  epoxy  mixture  cures  at  room 
temperature  without  promotei-s  or  catalysts  which  tend  to  discolor  the  metha¬ 
crylate  resins.^  The  high  proportion  of  inert  filler  in  the  epoxy  mixture  de¬ 
creases  the  over-all  effect  from  light  and  ultraviolet  radiations  upon  the  cured 
mixture.  If  the  coefficient  of  thermal  expansion  is  ecpiivalent  to  the  tooth,  there 
is  good  bonding  or  adhesion  to  the  walls  of  the  cavity  and  there  is  little  curing 
shrinkage,  there  should  be  little  or  no  seepage  or  percolation  of  material  betw'een 
the  restoration  and  the  tooth  surfaces  such  as  occurs  with  the  methaerjdate 
resins.^  Since  the  curing  of  the  epo.xy  mixture  is  by  addition  and  no  oxygen¬ 
releasing  catalysts  are  required,  there  should  be  no  porosity  from  curing  products 
to  allow  infiltration  of  debris. 

Other  Properties  Observed. — Tests  conducted  on  samples  of  this  mixture 
indicated  the  following  approximate  values: 

X-ray  transmission  of  the  mixture  is  very  nearly  equal  to  the  same  thick¬ 
ness  of  normal  tooth  dentin.  The  inclusion  of  a  small  amount  of  strontium 
phosphate  or  sulfate,  barium  sulfate,  zirconium  oxide  or  other  compound  con¬ 
taining  one  of  the  heavier  elements  imparts  radiopacity  to  the  mixture.  Thus 
x-ray  tran.smission  may  be  controlled  since  such  fillers  are  compatible  wdth 
epoxy  resins. 

The  mixture  has  no  taste  when  cured.  The  resin  has  a  slight,  but  not  ob¬ 
jectionable  odor,  which  disappears  soon  after  the  mixture  is  cured. 

After  immersion  in  52  per  cent  hydrofluoric  acid  for  30  minutes,  only  0.2 
mm.  of  surface  was  softened;  deeper,  it  appeared  unchanged. 

Samples  were  immersed  in  50  per  cent  ethyl  alcohol  for  2  weeks  with  no 
gross  or  visible  damage.  When  pure  acetone  was  used,  2  weeks'  immersion 
caused  noticeable  swelling  and  weakening  of  the  samples. 

Abrasion  resistance  at  normal  temperature  was  greater  than  tooth  enamel 
or  dentin  for  the  samples  tested  in  vitro.  This  was  compared  by  measuring  the 
depth  removed  due  to  dragging  the  specimen  aer'oss  garnet  paper  wetted  with 
kerosene,  with  equal  pressure.  In  vivo,  however,  an  occlusal  inlay  in  a  lower 
first  molar  showed  greater  attrition  than  the  surrounding  enamel  after  1  year 
of  service.  The  resistance  to  abrasion  varies  with  the  hardness  of  the  filler 
particles,  with  the  ratio  of  particle  size  of  filler  to  particle  size  of  the  abrading 
surface,  and  inversely  with  the  temperature.  For  example,  if  the  material  was 
filled  with  large  particles  of  an  abrasive  such  as  aluminum  or  zirconium  oxide. 
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it  would  be  highly  abrasive  at  normal  temperatures.  However,  if  finely  powdered 
talc  were  used  as  a  filler,  it  would  be  easily  abraded.  When  finely  divided  porce¬ 
lain  and  fused  quartz  are  used  as  fillers,  abrasion  resistance  is  near  that  of 
tooth  structure. 

Crushing  strength  ranged  from  1,400  to  2,540  pounds  per  s(iuare  inch  for 
the  samples  tested. 

<  The  shrinkage  during  cure  of  one  pure  epoxy  resin  is  given  as,  “About  2 
per  cent  before  gelation  and  about  2  per  cent  after  gelation.  This  can  bo  re¬ 
duced  by  the  addition  of  fillers  such  as  glass,  asbestos,  silica,  and  alumina.’’® 

]  With  the  filler  to  resin  ratio  used  it  is  estimated  that  shrinkage  during  cure 
j  would  be  about  0.6  per  cent  before  gelation  and  less  than  0.5  per  cent  after 
1  gelation. 

I  A  small  amount  of  anhydrous  calcium  oxide  incori)orated  in  2  samples  ap¬ 
peared  to  produce  expansion  during  cure.  This  may  have  been  due  to  hygro¬ 
scopic  action  of  CaO  or  reaction  of  CaO  with  -(3H  groups.  Shrinkage  during 

icure  might  be  controlled  by  some  such  ingredient.  Since  the  polymerization  of 
the  epoxy  resin  is  by  addition  and  no  volatile  products  are  released,  the  amount 
of  intrinsic  shrinkage  during  cure  is  relatively  small. 

The  coefficient  of  thermal  conductivity  on  one  pure  epoxy  resin*  is  0.00048 
cal/sec/cm*/deg  C/cm.  It  is  estimated  that  the  mixture  used  in  this  study 
would  have  a  coefficient  of  thermal  conductivity  of  about  0.002  cal/sec/cm*/deg 
C/cm.  This  would  be  considerably  nearer  the  thermal  conductivity  of  the  tooth 
than  metallic  filling  materials. 

Penicillin,  Aureomycin,  and  Terramycin  were  added  to  separate  ])oi-tions 
of  epoxy  resin  and  samples  cured.  These  were  placed  upon  nutrient  agar 
plates  freshly  innoculated  with  Esch.  coli.  There  were  zones  of  inhibition 
around  samples  containing  the  antibiotics.’® 

The  water  absorption  for  one  epoxy  resin  is  0.07  per  cent  in  24  hours,  0.20 
per  cent  in  1  week,  and  0,47  per  cent  in  1  month.®  The  water  absorption  for 
the  mixture  would  be  influenced  by  the  amount  and  type  of  fillers  and  the 
type  of  curing  agent  used. 

This  resin  is  relatively  stable  to  chemicals.  The  percentage  gain  in  weight 
after  1  month’s  immersion  in  ethyl  alcohol  is  0.75  per  cent  and  in  benzene  is 
0.26  per  cent.®  The  percentage  gain  for  the  mixture  should  lie  less  in  propor¬ 
tion  to  the  amount  of  inert  filler. 

The  setting  or  hardening  time  can  be  varied  between  1  minute  and  many 
hours  depending  on  the  type  of  curing  agent,  filler  to  resin  ratio,  catalysts, 
and  other  factors. 

There  are  a  number  of  agents  that  will  accelerate  or  catalyze  the  polymer¬ 
ization  of  the  epoxy  resins.  There  are  sulfonic  acid  catalysts,  such  as  p-toluene 
sulfonic  acid,  but  these  produce  ester  bonds  within  the  resin,  giving  the  product 
less  water  stability.®  Polybasic  acids  such  as  phosphoric  acid  will  give  rapid 
polymerization  at  room  temperature. 
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Boron  tritluorido'-'  and  stannic  chloride'*  are  catalysts  which  produce  rapid 
l)olymerization  of  epoxy  resins.  Reactions  (7)  and  (8)  arc  suggested  as  a 
I)os.sible  inechanisiu  of  the  polymerization  by  BF3: 
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WliiTc:  <—  roproseuts  a  coordinate  lanid, 

.  .  .  re[)res(>nts  a  hydrogen  bond  and  the  H  of  a  -OH  group  is  made  more  labile 
by  the  coordination  of  the  BF,  group. 


In  this  reaction,  ether  bonds  are  formed  which  should  give  a  itroduct  with  good 
water  stability  and  chemical  inertness.  Toxicity  studies  would  have  to  be  made 
on  these  or  other  catalysts  before  their  usefulness  in  a  dental  filling  mixture 
could  be  determined.  Amine  curing  agents  and  acid-acting  catalysts  do  not 
appear  compatible  for  room  temperature  curing  of  epoxy  resins. 

The  toxicity  of  the  uncured  epoxy  resins  is  relatively  low.  The  oral  ad¬ 
ministration  of  more  than  7  c.c.  of  one  of  the  epoxy  resins  i)er  kilogram  of 
body  weight  was  tolerated  by  white  mice  without  symptoms.  There  is  no 
hazard  from  vapor  exposure.*^  Repeated  contact  with  uncured  resin  might  pro¬ 
duce  skin  irritation  in  hypersensitive  individuals,  and  skin  contact  should  be 
avoided.  After  polymerization  or  curing,  the  resin  is  nontoxic  and  inert.  How¬ 
ever,  the  undiluted  amine  curing  agents  are  caustic  and  produce  dermatitis  by 
contact.  They  are  strongly  basic  compounds,  and  their  toxicity  is  mainly  a 
local  action  due  to  their  strong  alkalinity.  If  ade(|uate  concentrations  of  their 
vapors  are  inhaled,  there  is  irritation  of  the  mucous  membranes.  Vapor  con¬ 
centrations  attainable  at  ordinary  temperatures  would  not  produce  systemic 
I)oisoning,  as  they’  are  not  particularly  toxic  sy  stemicall.v.*®  The  amounts  re¬ 
quired  as  a  curing  agent  for  these  dental  mixtures  are  small.  The  curing  agent 
may  be  reacted  with  a  certain  amount  of  the  resin  and  diluted  with  a  portion 
of  the  filler  prior  to  its  use  to  reduce  its  irritating  effect  should  skin  contact 
occur  as  it  is  being  added  to  the  resin  mixture.  Since  only’  about  8  parts  of 
the  amine  curing  agent  are  added  to  100  parts  of  resin,  the  reaction  between 
the  2  commences  immediately,  and  they’  are  diluted  by’  a  greater  volume  of 
inert  filler,  irritating  properties  or  toxicity  of  the  soft  and  pliable  mixture  should 
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be  no  probloin.  Allorj^ic  manifestations  might  occur,  especially  after  repeated 
contact,  hut  tliis  should  he  no  more  common  than  with  methyl  methacrylate 
or  other  resins. 

Study  is  now  being  made  of  other  curing  agents  and  catalysts,  which  are 
rc'latively  nontoxie.  Certain  licpiid  polyamides  and  polyamines  will  cure  epoxy 
resins,  and  some  of  the  tetra-alkyl  titanates  are  promising  as  adhesion  promoters 
and  perhaps  reaction  accelerators. 

Although  this  report  is  of  studies  in  vitro,  clinical  use  of  this  material  has 
commenced  and  the  results  thus  far  are  encouraging. 

SUMMARY 

One  of  the  relatively  new  synthetic  resins  now  commercially  available  is 
the  epoxy  resin.  This  is  a  completely  different  type  of  resin  from  the  metha¬ 
crylate  resin  now  being  used  in  dentistry.  The  epoxy  resins  will  cure  at  room 
temperature  to  produce  a  strong,  chemically  stable,  thermoset  solid  with  out¬ 
standing  adhesiveness. 

In  this  study,  an  epoxy  resin  is  used  as  a  binder  for  fine  particles  of  fused 
silicon  dioxide  and  porcelain. 

With  this  mixture  the  following  properties  may  be  obtained  in  a  dental 
filling  material:  (1)  thermal  expansion  equal  to  that  of  tooth  structure  or  11 
ppm  per  degree  centigrade  linear.  (2)  adhesive  properties;  (3)  color  stability; 
(4)  apparent  stability  and  insolubility  in  the  oral  environment. 

Further  investigation  and  development  of  this  approach  to  dental  restora¬ 
tion  materials  is  indicated. 
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MKASURKMENT  ()P^  TIIK  REDH^NtJ  ACTIVITY  OF  HETERO-  AND 
HOMOFERMENTATIVE  I.AI^TOBACIELI 
ELEANOR  GILMORE  Sl’HMIDT,  M.A.,  AND  GEORGE  W.  BURNETT,  D.D.S.,  Pll.l), 

Ih paitment  of  Dental  Kisearch,  Army  Medical  Service  Graduate  School,  Walter  Seid  Army 
Medical  Center,  Washington,  D.  C. 

The  jicnus  LuctohaciUus,  several  of  whose  species  are  associated  with  the 
dental  carious  process,  is  classified  into  homo-  and  heterofennentative  fjroups 
on  the  basis  of  the  yield  of  lactic  acid  produced  from  the  dissimilation  of  };lu- 
cosc.'  Various  strains  of  lactobacilli  have  also  been  found  to  have  different 
rcducino;  capacities,  (lillespie  and  Rettjjer*  reported  that  recently  isolated  oral 
lactobacilli  established  much  more  intense  reduction  potentials  than  less  recently 
isolated  nonoral  strains  of  Lactobacillus  acidophilus,  Lactobacillus  bulgaricus, 
Lactobacillus  bifid  us,  and  Doderlein’s  bacillus.  On  the  basis  of  such  findings 
tlic  authoi-s  postulated  that  a  relationship  may  exist  between  the  oxidation-re¬ 
duction  i)otential  produced  by  a  given  species  and  its  metabolic  activity.  Since 
differences  may  exist  between  the  reducing  ability  of  lactobacilli,  these  varia¬ 
tions  could  be  investigated  advantageously  through  the  use  of  suitable  indica¬ 
tors  which  would  act  as  hydrogen  acceptors.  An  indicator  of  possible  u.se  in 
determining  the  reducing  activity  of  lactobacilli  is  2,  3,  5-triphenyltetrazolium 
chloride  (TTF)  which  upon  reduction  changes  from  a  colorless  form  to  the 
red,  water-insoluble  compound,  formazan.  Studies  made  with  TTC  have  estab¬ 
lished  that  living  cells  reduce  it  by  enzymatic  activity.’’  It  was  observed  in 
l)revious  unpublished  studies  that  lactobacilli  reacted  differently  in  reducing 
TT('  incorporated  in  .several  types  of  solid  media  upon  which  they  were  grown. 
An  investigation  was  then  made  of  the  reduction  of  TTC  by  the  homo-  and 
hoterofermentative  lactobacilli,  which  is  the  basis  for  this  report. 

MATERIAUS  AND  METHODS 

Test  Organisms. — Fifteen  strains  or  species  of  lactobacilli  employed  in  the 
succeeding  experiments  to  determine  their  effect  on  TT(.^  included  the  follow¬ 
ing:  Lactobacillus  brevis  (BblO),  Lactobacillus  casei  (Da  318),  Lactobacillus 
acidophilus  (La  27)  and  Lactbbacillus  fermenti  (B1  28)  obtained  in  the  vege¬ 
tative  state  from  Dr.  P.  A.  Hansen,  University  of  Marjdand;  a  lyophilized  cul¬ 
ture  of  Lactobacillus  delbrueckii  obtained  from  the  Biologies  Research  Depart¬ 
ment,  Army  Medical  Service  (Iraduate  School.  The  biochemical  activity  of 
these  bacteria  had  been  determined  previously  at  the  respective  institutions 
from  which  they  were  obtained.  Ten  .strains  of  lactobacilli  isolated  from  human 
oral  cavities  and  maintained  in  the  lyophilized  state  were  utilized  also.  The 
biochemical  characteristics  of  these  lactobacilli  were  determined  earlier  in  con- 
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nectioTi  with  studies  of  their  sensitivity  to  several  antibiotics.  Although  they 
were  not  differentiated  into  species,  they  were  divided  into  homo-  or  hetero- 
fermentative  strains  according  to  the  following  metabolic  balance  studies. 

Metabolic  Balance  Studies. — The  oral  laetobaeilli  were  subjected  to  meta¬ 
bolic  balance  studies  to  determine  their  homo-  or  heterofermentative  character¬ 
istics  by  ascertaining  the  concentrations  of  lactic  acid  and  glucose  in  Somogyi 
filtrates  of  cultures  in  brain  heart  infusion  broth  (Difco)  by  the  methods  of 
Barker  and  Summerson*  and  Schales  and  Schales,^  respectively.  Homofermen- 
tative  laetobaeilli  produced  80  per  cent  or  more  lactic  acid  and  heterofermenta¬ 
tive  laetobaeilli  produced  less  than  50  per  cent  lactic  acid  from  the  dis.simila- 
tion  of  glucose. 

Preparation  of  Cells  for  Determination  of  B educing  Activity. — The  strains 
of  laetobaeilli  were  maintained  on  3  per  cent  phytone-2  per  cent  dextrose  agar. 
Prior  to  testing  for  reducing  activity,  each  strain  was  transferred  at  least  3 
times  at  18-hour  inten’als  in  phytone-dextrose  broth.  To  obtain  the  necessary 
quantity  of  cells,  1  ml.  of  the  culture  from  the  last  transfer  was  inoculated  into 
100  ml.  of  the  broth  and  incubated  18  hours  at  37®  C.  The  cells  of  the  cultures 
were  obtained  by  centrifuging  at  2,000  r.p.m.  (900  Gm.)  for  30  minutes  at  10 
C.  The  sedimented  cells  were  washed  twice  with  cold  0.2  M  phosphate  buffer 
(pH  6.0)  and  resuspended  in  sufficient  buffer  solution  to  give  a  final  nitrogen 
concentration  of  0.8  to  1.0  mg.  per  ml.  Such  preparations  of  washed  laetobaeilli 
are  hereafter  referred  to  as  the  “standard  test  suspension.” 

Determination  of  Tetrazolium  Deduction. — TTC  reduction  by  the  laetobaeilli 
was  determined  by  adding  1  ml.  of  M/50  glucose,  and  0.22  ml.  of  1  per  cent 
TTG,  each  contained  in  0.2  M  phosphate  buffer  (pH  6.0),  to  the  1  ml.  of  the 
standard  test  suspension  and  incubating  in  a  water  bath  for  1  hour  at  45°  C. 
All  neccssar>'  precautions  were  taken  to  exclude  light  from  influencing  the  re¬ 
action.  The  reduced  TTC  (red  formazan)  was  extracted  from  the  reaction 
mixture  with  acetone  by  the  method  of  Kun  and  Abood.®  The  acetone  extract 
was  then  measured  in  a  Klett-Summerson  colorimeter,  utilizing  a  420  filter. 
Colorimetric  determinations  of  the  acetone  extracts,  expressed  as  “Klett-Units” 
indicated  relative  estimates  of  TTC  reduction.  When  color  intensities  of  the 
solutions  were  too  great  to  be  determined  with  reasonable  accuracy  (Klett  read¬ 
ings  over  300),  extracts  were  diluted  1:10  prior  to  making  colorimetric  read¬ 
ings  and  the  resultant  readings  multiplied  by  10. 

EXPERIMENTAL  RE.SrLTS 

In  preliminary  studies  of  the  metabolic  pattern  of  the  15  strains  of  lacto- 
bacilli,  it  was  ascertained  that  L.  casei,  L.  acidophilus,  L.  delhnieckii,  L3,  and 
L5  were  homofermentative.  L.  brevis,  L.  fermenti,  L4,  L6,  L7,  L8,  L9,  LIO, 
Lll,  and  L12  were  found  to  be  heterofermentative. 

The  following  factors  were  considered  in  determining  conditions  affecting 
the  reduction  of  TTC  by  the  laetobaeilli:  (1)  final  concentration  of  TTC,  (2) 
age  of  test  culture,  (3)  hydrogen-ion  concentration,  (4)  temperature,  (5)  buf¬ 
fer  molarity,  and  (6)  cell  concentration  and  endogenous  reduction  in  the  ab¬ 
sence  of  glucose.  With  the  exception  of  cell  concentration,  the  influence  of 
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the  variou.s  factors  upon  TTC  reduction  differed  only  slightly  between  species 
and  strains  of  lactobacilli;  hence,  the  results  are  presented  in  each  test  only 
for  2  representative  hoinofennentative  and  2  representative  heteroferinentative 
types.  To  emphasize  the  consistent  differences  in  iTducinj;  activity  of  the  2 
metabolic  types,  data  on  the  effect  of  variation  of  cell  concentration  on  TTC 
reduction  will  be  presented  for  all  of  the  lactobacilli  strains. 

TetrazoHum  Concentration. — The  relationship  of  TTC  concentration  to  the 
reducing  activity  of  the  lactobacilli  was  investigated  by  the  addition  of  TTC,  in 
concentrations  ranging  from  0.01  to  0.2  per  cent,  to  ecpial  volumes  of  diluted 
test  suspension  and  buffered  M/50  glucose.  Optimum  reduction  of  TTC  gen¬ 
erally  occurred  with  concentrations  of  0.05  and  0.1  per  cent  (Table  I).  Al¬ 
though  0.1  per  cent  TTC  has  been  found  to  be  toxic  for  growth  and  acid  pro¬ 
duction  of  a  number  of  bacterial  species,  including  lactobacilli,'  this  concentra¬ 
tion  did  not  appreciably  alter  the  metabolic  rate  of  the  washed  cells  of  lacto¬ 
bacilli.  Therefore,  0.1  per  cent  TTC  was  employed  in  future  experiments. 


Table  I 

The  Relationship  Between  Concentration  of  Tetrazolium  and  Degree  of  Reduction  by 

Lactobacilli 


LACTOBACILLUS 


CELL 

CO.VCENTRATION 


FINAL  TETRAZOLIUM  CONCENTRATION  (  %  ) 

0.01  0.05  0.1  0.15  0.2 


STRAIN 

(.MG.  N/.ML.) 

COLORIMETER 

READINGS 

L.  casei 

0.136 

153 

167 

198 

147 

114 

L.t 

0.490 

135 

152 

187 

130 

80 

L6 

0.051 

74 

216 

154 

99 

58 

L7 

0.053 

318 

239 

246 

120 

16 

Age  of  Culture. — If  TTC  is  reduced  by  enzymatic  activity  within  bacterial 
cells,  it  seems  likely  that  the  rate  of  its  reduction  might  be  intluenced  by  the 
age  of  a  culture.  To  test  this  hypothesis,  lactobacilli  strains  were  grown  in  3 
per  cent  phytone-2  per  cent  dextrose  broth  for  varying  periods  between  6  and 
48  hours  and  their  ability  to  reduce  TTC  was  tested  at  the  end  of  each  incuba¬ 
tion  period. 

Table  II 

The  Effect  of  Culture  Age  on  Tetrazolium  Reduction  by  Lactobacilli 


LACTOBACILLl'S 

.STRAIN 

CELL 

CONCENTRATION 
(.MG.  N/.ML.) 

AGE  OF 

CULTURE  IN 

HOURS 

6 

12 

18 

24 

48 

1  COLORIMETER  READI.NGS 

L.  casei 

0.160 

156 

20 

31 

50 

6 

L3 

0.514 

27 

152 

279 

188 

0 

L6 

0.050 

77 

266 

244 

129  , 

0 

L7 

0.055 

94 

240 

271 

151 

0 

The  data  for  4  laetobacillus  strains  indicate  that  cells  from  12-  and  18-hour 
cultures  reduce  more  TTC  in  1  hour  than  do  cells  from  6-,  24-,  or  48-hour 
cultures  (Table  II).  It  was  difficult  to  remove  formazan  from  the  cells  of 
6-hour  cultures,  for  some  of  it  remained  firmly  bound  even  after  acetone  extrac¬ 
tion.  The  actual  amount  of  TTC  reduced  by  6-hour  cells  may  have  been  equal 
to  that  reduced  by  older  cells,  but  the  true  reducing  activity  of  the  younger 
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cells  may  not  have  been  reflected  in  the  colorimetric  readings  of  their  acetone 
extracts.  On  the  basis  of  the  above  observations,  however,  16-  to  18-hour  cul¬ 
tures  were  employed  in  succeeding  experiments. 

Ilydrogen-ion  Concentration. — Much  of  the  early  work  on  the  reduction 
of  tetrazolium  by  microorganisms  utilized  media  buffered  at  approximately  neu¬ 
trality  or  on  the  alkaline  side.  However,  detailed  studies  of  specific  microorgan¬ 
isms  have  revealed  that  the  optimal  pH  for  TTC  reduction  varies  with  experi¬ 
mental  conditions.  For  instance,  Kopper*  found  that  maximal  reduction  of 
TTC  by  young  cells  of  Escherichia  coU  occurred  at  approximately  pH  7.5,  while 
maximal  reduction  by  old  cells  was  observed  in  a  more  alkaline  medium  (pH 
8.5).  Since  optimal  reduction  of  TTC  by  bacterial  cells  varied  with  pH  and 
the  age  of  culture,  it  was  necessary  to  establish  optimal  pH  for  its  reduction  by 
lactobacilli. 

Optimal  pH  for  reducing  0.1  per  cent  TTC  was  determined  in  a  mixture 
of  ecpial  volumes  of  standard  test  suspension  and  buffered  M/50  glucose.  Tests 
were  made  at  intenals  of  approximately  one  unit  betw’een  pH  5  and  8.  Under 
such  conditions  optimal  TTC  reduction  varied  with  pH  and  the  lactobacillus 
strains  (Table  III).  However,  when  considering  the  entire  group  of  lacto¬ 
bacilli,  pH  6.0  was  considered  optimal  for  reduction  of  TTC. 


Tabi.e  III 

The  Inei.uence  ok  pH  o.\  the  Reduction  ok  Tetrazolium  by  Lactobacilli 


I.ACTOBAC1LLUS 

STRAIN 

cell 

CONCENTRATION 
(MO.  N/ML.) 

PH  5 

PH  6 

PH  7 

PH  8 

COLORIMETER  READINGS 

L.  casei 

0.136 

490 

215 

143 

94 

L3 

0.512 

28 

134 

112 

89 

L6 

0.050 

233 

354 

168 

10 

L7 

0.047 

310 

258 

184 

6 

Effect  of  Temperature. — Since  the  metabolic  activities  of  bacteria  are  in¬ 
fluenced  by  temperature,  its  effect  on  the  reduction  of  0.1  per  cent  TTC  by 
lactobacilli  was  tested  at  37°  C.,  45°  C.,  and  50°  C.  in  an  eipial  mixture  of 
standard  test  suspension  and  M/50  glucose.  Over-all  optimal  TTC  reduction 
was  obtained  at  45°  C.,  while  it  was  less  at  37°  C.  and  50°  C.  (Table  IV). 

Buffer  Molarity. — The  effeet  of  electrolyte  concentration  on  TTC  reduction 
by  lactobacilli  was  tested  by  the  routine  proeedure,  with  buffer  molarity  ranging 
from  0.05  to  0.5.  Increasing  eleetrolyte  concentration  above  0.1  ^I  had  little 
inrtuenee  on  the  rate  of  TTC  reduetion.  The  rate  of  TTC  reduction  was  usually 
decreased  in  a  buffer  whose  molarity  wms  0.09  or  less.  Subsequent  test  solu¬ 
tions  were  prepared  with  a  0.2  M  phosphate  buffer  at  pH  6.0. 

('ell  ('oncentration. — It  is  evident  from  the  data  presented  in  Tables  I 
to  IV,  that  the  cell  concentration  jiroducing  a  given  amount  of  TTC  reduction 
is  not  constant  but  varies  widely  with  the  strain  of  lactobaeillus. 

Before  determining  preeisely  the  effeet  of  cell  coneentration  upon  the  rate 
of  TTC  reduction,  it  was  nec(*s.sary  to  determine  endogenous  reduction.  A  com¬ 
parison  was  made  of  the  reduction  of  TTC  in  the  absence  of  glucose,  by  repre- 
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sentative  homo-  and  hetorotermontative  lactobacilli  (Table  V).  With  the  exeep- 
tion  of  L.  hrei'is,  the  endogenous  respiration  was  ncftlifjible  for  both  fjroups  of 
lactobacilli  at  the  minimum  cell  concentration  visibly  redueinf;  TTC  in  the 
presence  of  glucose. 


Tabi.e  IV 

The  Ekkect  ok  Temperati  re  on  Tetrazoeu  m  Keiii-otion  by  La«tobaoii.i-i 


[’TOBAUILLUS 

STRAIN 

CELL 

CONCENTRATION 

1  (MG.  n/ml.) 

TEMPERATURE 

1  37“  C. 

45®  c. 

50"  c. 

1  COUmiMCTER  READINGS 

L.  casci 

HHH 1 

453 

423 

L3 

542 

462 

226 

44 

L7 

330 

93 

Table  V 

The  Minimu.m  Cell  Concentration  of  Lactobacilli  Reqcireu  to  Produce  Discernible 
Reduction  ok  Tetrazolium  With  and  Without  Glucose 


LACTYJBACILLUS 

FERMENTATIVE 

MINIMUM  CELL  CONCENTRATION  (MG.  N/ML.) 
PRODUCING  DETECTABI.E  REDUCTION 

•STRAIN 

TYPE 

NO  GLUCOSE  M/50  GLUCOSE 

L.  casei 

homo- 

0.88 

0.08 

L3 

liomo- 

0.72 

0.28 

L6 

liotpro- 

0.76 

0.008 

L7 

liPtero- 

0.44 

0.009 

Table  VI 

The  Effect  ok  Cell  Concentratio.v  on  the  Reduction  ok  Tetrazolium  by  Lactobacilli 


LAITOBACILLUS 

STRAIN 

FERMENTATIVE 

TYPE 

MI.NIMUM  CELL  CONCENTRATION 
(MG.  N/ML.)  PRODUCING 
DETECTABLE  REDUCTION 

L.  casei 

homo- 

0.08 

L.  acidoi>hUus 

homo- 

0.80 

L.  delbrueckii 

homo- 

0.20 

1.3 

homo- 

0.28 

IJy 

homo- 

0.08 

L.  brevis 

liptoro- 

0.04 

L.  ftrmenti 

liPtcro- 

0.009 

L4 

hetpro- 

0.009 

L6 

lietero- 

0.008 

L7 

hetoro- 

0.009 

L8 

liPtoro- 

0.01 

L9 

hetoro- 

0.01 

1.10 

liPtoro- 

0.01 

Lll 

liptoro- 

0.01 

LI  2 

liptpro- 

0.009 

To  determine  more  iirecisely  the  concentration  of  cells  of  each  species  re¬ 
quired  to  produce  a  detectable  reduction  of  TTC,  dilutions  of  the  standard  test 
suspension,  ranging  in  nitrogen  concentration  from  0.007  to  0.8  mg.  N/ml.,  were 
tested  for  reducing  activity  by  the  standard  procedure  utilizing  M/fiO  glucose. 
Ten  of  the  15  lactobacilli  strains  reduced  TTC  in  cell  concentrations  near  0.01 
mg.  N/ml.,  whereas  the  remaining  5  strains  were  considerably  less  active,  re¬ 
quiring  from  0.08  to  0.80  mg.  N/ml.  for  reduction  (Table  VI).  Based  on  the 
minimum  cellular  concentration  required  to  reduce  tetrazolium,  the  strains  and 


Vnlunie 

Numbfr  ? 


IIETKRO  AND  HOMOFERMENTATIVE  LACTOBACILLI 


:i75 

species  fell  into  two  The  strains  re(|uiring  a  hifiher  or  lower  cell  eon- 

eentration  for  discernible  reduction  of  TTC  were  those  previously  classified  as 
homo-  and  hetero fermentative,  respectively.  Thus,  it  appears  that  the  minimum 
cell  concentration  which  will  produce  detectable  reduction  of  TTC’  is  significantly 
different  between  homo-  and  heterofermentativc  lactobacilli. 

DISCCSSION 

Studies  of  the  factoi’s  which  influence  reduction  of  TTC’  by  washed  cells 
of  homo-  and  heterofermentative  lactobacilli  indicate  that  TTC’  concentration, 
age  of  culture,  hydrogen-ion  concentration,  temperature,  and  cell  concentration 
all  affect  the  rate  of  reduction  of  TTC.  Buffer  concentration,  in  the  range  of 
0.1  to  0.5  molarity,  had  little  influence  on  TTC  reduction.  Thus,  it  was  found 
that  optimal  reduction  of  TTC  by  most  strains  of  lioth  metabolic  types  of  lacto¬ 
bacilli  occurred  with  an  18-hour  culture  in  0.2  M  buffer  at  pH  6.0,  with  0.1 
per  cent  TTC  and  at  45°  C.  While  the  rate  of  reduction  of  TTC  varied  with 
the  lactobacillus  strain,  optimal  conditions  for  TTC  reduction  were  es.sentially 
the  same  for  both  homo-  and  heterofermentative  lactobacilli.  The  similarity  of 
optimal  conditions  indicates  that  the  same  factors  in  each  metabolic  type  are 
probably  concerned  in  the  reduction  of  TTC  but  that  the  amount  of  these  fac¬ 
tors  varies  consistently  with  the  metabolic  types.  Minimum  cell  concentration, 
as  determined  by  nitrogen  content,  which  will  discemibly  reduce  TTC  is  con- 
■sistcntly  less  for  the  heterofermentative  strains  than  it  is  for  the  homofermenta- 
tive  strains.  The  rate  of  TTC  reduction  increases  verj’  rapidly  as  the  cell  con¬ 
centration  of  heterofermentative  lactobacilli  in  the  test  solution  is  increa.scd. 
The  rate  of  TTC  reduction  increa.ses  slowly  as  the  cell  concentration  of  the  homo- 
fermentative  lactobacilli  is  increased  above  the  minimum  amount  that  will  cause 
detectable  reduction.  Thus,  while  the  optimal  rate  of  TTC  reduction  by  each 
of  the  metabolic  types  of  lactobacilli  is  affected  in  a  like  manner  by  the  same 
factors,  the  amount  of  the  substance  causing  TTC  reduction  appears  to  l)e  con¬ 
sistently  different  in  the  two  types. 

The  reduction  of  TTC  by  microorganisms  has  usually  been  attributed  to 
enzymatic  activity.*'"  The  apparent  redox  potential  of  TTC  is  about  -0.08  V, 
which  has  led  to  the  conclusion  that  its  reduction  is  probably  caused  by  dehydro¬ 
genase  systems  requiring  coenzymes  I  or  II."  While  DPN  or  TPN  linked  de¬ 
hydrogenases,  as  well  as  other  dehydrogenases,  may  be  as.sociated  indirectly  with 
the  reduction  of  TTC,  it  is  more  likely  that  flavin  enzymes  are  the  <lirect  medi¬ 
ators  of  its  reduction.'*’  "  What  enzymatic  sy.stems  are  associated  with  the  re¬ 
duction  of  TTC  by  lactobacilli  has  not  been  determined.  Our  attempts  to  demon¬ 
strate  a  flavin  enzyme  system  in  lactobacilli  have  been  negative. 

Several  of  the  conditions  of  optimal  reduction  of  TTC  by  intact  lactobacilli 
cells  are  different  from  those  affecting  isolated  enzyme  .systems  from  yeast  or 
from  A’,  coli,  which  might  imlicatc  that  different  systems  are  functioning  in  dif¬ 
ferent  microorganisms.  For  in.stance  the  isolate<l  flavin  enzymes  are  most  ae- 
tive  in  an  alkaline  medium  (pH  H.II  for  yeast  diaphorase,  and  pH  7.8  for  flavo- 
protein  from  K.  co/t),'*’  '*  but  the  optimal  pH  for  the  re<lucing  activity  of  the 
lactobacilli  was  6.0  or  even  as  low  as  5.0.  These  findings  do  not  neces.sarily  indi- 
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cate  that  different  enzymes  are  functioning,  for  in  one  instance  isolated  enzymes 
are  involved  and  in  the  other  in.stance  the  activity  of  intact  bacterial  cells  are 
being  measured. 

The  reduction  of  TTC  is  a  i)ossible  method  for  differentiating  homo-  from 
heterofermcntative  lactobacilli  since  there  is  a  clear-cut  differentiation  between 
the  two  groups  based  \ipon  the  minimum  cell  concentration  re(|uired  to  cause 
discernible  reduction  of  TTC  in  the  presence  of  glucose.  In  a  typical  test,  heavy 
cell  suspensions  of  both  homo-  and  hetcrofermentative  lactobacilli  reduce  TTC 
to  red  formazan  by  the  method  described,  indicating  the  potential  reducing 
ability  of  each  metabolic  type.  With  the  proper  dilution  of  cells,  however, 
heterofermentative  lactobacilli  markedly  reduces  TTC,  while  homofermentative 
lactobacilli  showing  little  or  no  reducing  activity. 


si:m:m.\ky 

A  study  has  been  made  of  the  reduction  of  2,  3,  5-triphenyltetrazolium 
(TTC)  by  washed  cells  of  15  strains  and  species  of  the  genus  Lnctohacillus, 
representing  both  homo-  and  heterofermentative  types.  ^Maximal  reduction  oc¬ 
curred  with  0.1  per  cent  TTC  added  to  eciual  volumes  of  an  18-hour  culture  and 
M/50  glucose  in  0.2  M  buffer  (pll  6.0)  and  incubated  at  45°  C.  The  minimum 
cell  concentration,  based  on  nitrogen  content,  which  w'ould  effectively  reduce 
TTC  was  less  for  heterofermentative  strains  than  it  was  for  homofermentative 
.strains.  The  reduction  of  TTC  is  suggested  as  a  means  of  differentiating  homo- 
and  heterofermentative  strains  of  lactobacilli. 
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THE  REDUCING  PROPERTY  OF  SALIVA  TOWARD  SEVERAL 
OXIDATION-REDUCTION  INDICATOR  DYES 
GORDON  NIKIFORUK,  D.D.S.,  M.S. 

Department  of  Preventive  Dentistry  and  the  Division  of  De  ntal  lie  search.  University  of 

Toronto,  Toronto,  Canada 

REDUCIBLE  dyes  such  as  methylene  l)liie  have  been  used  extensively  to 
study  the  catalytic  transfer  of  hydrof?en  (dehydrogenation)  by  animal  and 
plant  tissues  and  by  bacteria.’^  If  oxidized  methylene  blue  is  added  to  a 
suspension  of  chopped  muscle,  brain,  or  kidney  tissue,  or  a  suspension  of 
bacteria  in  the  i)resence  of  a  suitable  substrate,  the  dye  is  rapidly  reduced  to  a 
colorless  state.”  The  reduction  is  an  indication  of  the  presence  of  dehydro¬ 
genases.  The  reaction  with  methylene  blue  (MB)  may  be  expressed  as  follows: 

Oxidizable 

substrate  (A)  AH,  ^IB  (oxidized  form — blue) 


A  MBH,  (reduced  form — colorless) 

Dehydrogenase 

There  are  present  in  whole  saliva  biologic  .systems  capable  of  reducing  cer¬ 
tain  oxidation-reduction  indicator  dyes  at  varying  rates.  Stuteville^®  first 
observed  that  saliva  will  reduce  some  dyes,  such  as  indophenol,  to  a  colorless 
state.  He  attributed  this  reducing  power  to  the  ascorbic  acid  in  saliva.  Zimmet 
and  Dubois^®  recorded  anew  that  saliva  w’ill  reduce  indophenol.  Pincus®  by 
using  petroleum  jelly  over  saliva  and  Thunberg  tubes  investigated  the  reducing 
proi)erty  of  .saliva  toward  several  redox  indicators,  finally  settling  on  indophenol 
(o-chlorophenol  indo-2:6  dichlorophenol ) .  He  found  that  ascorbic  acid  will 
reduce  the  reduction  time  of  saliva  toward  indophenol  by  50  per  cent.  Reduc¬ 
tion  time  was  shortened  by  the  addition  of  a  gram-positive  bacillus.  Potassium 
cyanide  and  methane,  at  0.001  M  concentrations,  increased  the  time  required 
to  reduce  indophenol  by  .saliva  from  5.5  to  *J0  minutes.  Pincus  noted  that 
animal  saliva  (monkey,  dog,  and  rabbit)  did  not  reduce  indophenol.  Eisen- 
brandt^-  ®  measured  the  Eh  of  .saliva  by  using  an  Eh  potentiometer  with 
platinum  electrode  and  found  that,  on  standing,  the  potential  in  saliva  drifted 
to  the  negative  scale.  The  initial  oxidation-reduction  potential  of  unstimulated 
saliva  of  5  subjects  had  a  mean  value  of  +  261  mv. 

This  study  was  supported  by  a  grant  from  the  .\ssociate  Committee  on  Dental  Research, 
National  Research  Council,  Canada. 

Received  for  publication  Nov.  30,  1954. 
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The  purpose  of  this  paper  is  to  report  on  the  general  properties  of  this 
phenomenon  by  using  several  redox  dyes  and  to  determine  what  fraction  of  the 
saliva  contains  the  active  components. 

METHODS  AND  MATERIALS 

Preliminary  experiments  were  carried  out  employing  standard  Thunberg 
tubes  and  following  the  methods  established  by  previous  investigators.*^ 

It  was  found  that  these  technics  were  not  suitable  for  (juantitative  measure¬ 
ments  in  this  laboratory.  It  was  difficult  to  maintain  anaerobic  conditions  with 
many  of  the  available  Thunberg  tubes.  INIore  important  was  the  fact  that 
sedimentation  of  the  saliva  greatly  influenced  the  rate  of  reduction  of  the  dye. 
The  Thunberg  technic  was  therefore  abandoned  in  favor  of  the  simplified 
method  of  Friedeman  and  Hollander.*' 

In  this  method,  instead  of  using  evacuated  tubes,  the  reagents  were  mi.xed 
with  melted  agar  and  the  reaction  observed  in  the  solidified  medium.  Thus 
anaerobic  conditions  were  obtained  and  sedimentation  of  the  solids  was  pre¬ 
vented.  A  large  number  of  simultaneous  determinations  were  possible  by  this 
technic.  The  reagents  used  were  as  follows:  (1)  2  per  cent  agar  containing 
0.5  per  cent  dibasic  sodium  phosphate  and  adjusted  to  pH  7.1 ;  (2)  0.0005  M 
methylene  blue,  or  other  indicator  dye;  (3)  paraffin-stimulated  saliva,  collected 
between  10  and  1 1  a.m. 

The  procedure  consisted  of  melting  the  agar  and  pipetting  3.0  ml.  into 
te.st  tubes  (100  mm.  by  10  mm.).  When  the  agar  had  cooled  to  42°  C.,  0.5  ml. 
of  methylene  blue  or  other  dye,  and  0.5  ml.  of  saliva  were  added  (all  previously 
warmed  to  37°  C.).  Complete  admixture  of  the  components  was  accomplished 
by  immediate  shaking.  The  tubes  were  plunged  at  once  into  a  freezing  mixture 
of  ice  and  salt  for  1  minute,  then  placed  in  a  water  bath  at  37°  C.  and  the 
change  in  color  of  the  dye  was  observed.  Reduction  of  methylene  blue  is  not  a 
linear  function,*®  hence  all  tubes  were  read  at  a  point  of  90  per  cent  decolora¬ 
tion.  The  slight  diffusion  of  oxygen  from  the  air  into  the  agar  caused  a  well- 
demarcated  zone  of  blue  coloration  near  the  top. 

DEFINITION  OF  UNIT  ACTIVITY 

The  reducing  coefficient  (R.  C.)  of  saliva  with  respect  to  redox  dyes  was 
defined  as  the  reciprocal  of  the  time  in  minutes  required  by  0.5  ml.  of  saliva  to 
reduce  to  a  jioint  of  90  per  cent  decolorization,  a  0.5  ml.  of  5  x  10'®  M.  solution 
of  methylene  blue  (or  other  indicator  dye  where  stated)  under  standard  condi¬ 
tions  of  temperature  and  pH. 

EXPERIMENTAL  FINDINGS 

1.  Reducing  Property  of  Saliva  Toward  Several  Redox  Indicators. — The 
reducing  property  of  saliva  toward  the  oxidation-reduction  indicators  whose 
E"  values  (potentials  of  half-reduced  dyes  at  pll  7.0)  cover  the  range  of  most 
biologic  enzyme  systems  was  tested.  The  indicators  selected  were  toluylene 
blue  (E°  =  -O.llSv),  methylene  blue  (E°  =  O.Ollv),  2,  3,  5  triphenyl  tetra- 
zolium  chloride  (E“  =  -0.08v),  cresyl  violet  (E°  =  -0.170v)  and  safranine 
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(E°  =  -0.289v).  The  relative  position  of  the  various  dyes  with  respect  to 
E®  at  a  pH  7.0  at  30°  C.  is  illustrated  in  Fij;.  1.  The  behavior  of  one  system 
toward  another  may  be  determined  from  the  scale.  Thus  the  reduced  form 
of  any  indicator  will  reduce  the  oxidized  form  of  all  indicators  more  positive 
to  it,  while  the  oxidized  form  will  oxidize  the  reduced  forms  of  more  negative 
systems. 


RESPIRATION 


ItTMYL  CAPRI  eUitl 


NILE  BLUE 


MALATE* 
OXAL ACETATE 

LACTATE-  PYRUVATE 


IRESYL  VIOLET 


GLUTATHIONE  ^ 


BENZYL  VOLOGEN 


^  THE  REVERSIBILITY  OP  THIS  SYSTEM  IS  DOUBTFUL 


Fig,  1. — The  E*  at  pH  7.0,  30®  C.  of  some  retlox  indicators  and  reversible  enzyme  sy.stems. 
(From  Stephenson,  Bacterial  Metabolism,  Eongmans,  Green  &  Co.) 


Table  I  indicates  the  reducing  coefficient  of  saliva  from  laboratory  personnel 
toward  several  dye  indicators. 
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Table  I 

The  Reducing  ('oekkicient  x  100  ok  the  Saliva  ok  12  Laboi:atoi;y  Personnel  in  the 


Presence  of  Sevkjial  Dikkeuent  Dye  Indicators  (5  x  10-<  M) 

DYE  INDICATOR  | 

E“ 

REDUCING  COEKKICIENT  X  100 

MEAN 

Toluvlene  Idue  i 

+.115 

8.3  4.3  .3.1  14.3  8.3  10.0  3.7  6.2  2.2  3.1  5.2  2.4 

5.92* 

Methylene  blue 

+.011 

7.2  2.8  1.8  9.8  5.2  7.1  2.2  4.3  1.3  1.7  4.1  1.7 

4.10* 

2,  3,  5  triphenyl 
tetrazolium 
chloride 

-.OS 

Light  pink  color  produced  in  all  samples  between  15  and  60 
minutes 

Oresvl  violet 

-.017 

6.6  2.0  1.0  6.2  3.2  5.5  1.8  3.8  0.8  1.2  3.0  0.9 

3.00* 

Safranin 

-.289 

Slightly  reduced  after  incubation  overnight  (10  to  15  hours) 

♦The  mean  differences  in  the  reducing  coefficients  are  significant  (P  <  .01). 


2.  Effect  of  Boiling  Saliro  on  Kedncing  Coefficient. — Boiling  a  saliva  speoi- 
nien  for  5  minutes  destroys  its  ability  to  reduce  the  above-mentioned  redox 
indicators. 

3.  Separation  of  Active  Fraction  From  Whoh  Saliva. — When  saliva  is  per¬ 
mitted  to  stand  at  room  temperature  for  30  minutes,  the  activity  (approximately 
()0  per  cent)  is  largely  recovered  in  the  sediment. 

Saliva  passed  through  a  Seitz  filter  loses  its  ability  to  reduce  redox  indica¬ 
tors. 

A  sainjile  of  pooled  saliva  was  centrifuged  for  15  minutes  at  a  speed  of 
3,300  r.ii.m.  The  sediment  was  resusi>ended  in  an  eijual  volume  of  0.1  IH 
phosphate  buffer  pll  7.1.  The  activity  of  the  supernatant  and  the  sediment 
was  examined — Approximately  70  jier  cent  of  the  activity  was  found  in  the 
sediment. 


PiB-  2. — Effect  of  pH  on  the  reducing  coefficient  of  a  pooled  sample  of  saliva  toward  methylene 

blue  (5  X  10-‘  M). 

4.  Effect  of  pJI  on  the  Reducing  Coefficient  of  Footed  Saliva. — A  2  per 
cent  agar  medium  was  made  with  0.125  M  solution  of  phosphate  buffer.  Accord¬ 
ing  to  the  procedure  previously  described,  0.25  ml.  methylene  blue  (5  x  10'^  M) 
and  a  0.20  ml.  alifpiot  of  saliva  from  a  pooled  specimen  was  added  to  the 
buffered  agar  media.  The  effect  of  jiH,  using  a  jihosphate  buffer,  on  the 
reducing  coefficient  of  a  jiooled  sample  of  saliva  is  shown  in  Fig.  2.  Maximum 
activity  was  found  at  pH  7.5  to  8.0. 


d 


AMOUNT  OF  SS)IMENT/UNIT  SALIVA 
(Westergren  imlts) 
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5.  Correlation  Between  the  Amount  of  Sediment  in  the  Saliva  and  Its 
Reducing  Coefficient. — The  amount  of  sediment  (epithelial  cells,  bacteria,  leuko¬ 
cytes,  and  unidentified  debris)  in  a  sample  of  saliva  was  determined  by  the 
use  of  “"Westergren”  sedimentation  tul)es.  A  measured  quantity  of  saliva 
(1  ml.),  drawn  into  the  tube,  was  placed  in  a  suitable  stand,  and  the  amount 
of  sediment  read  in  the  .sedimentation  tul)e  units  at  one-hour  intervals.  During 
the  sedimentation  of  saliva  the  height  of  the  column  decreases  rapidly  the  first 
two  hours  or  more  due  to  the  packing  of  the  sediment.  Further  settling  after 
this  period  occurs  very  slowly.  BMnal  readings  are  taken  when  the  height  of 
the  column  is  approximately  constant. 

There  is  a  significant  ])ositive  linear  correlation  (r  =  0.811)  between  the 
total  sediment  in  saliva  samples  and  the  corresimnding  reducing  coefficients 
as  illustrated  in  Fig.  3. 


Kib.  3. — Tlie  relationship  between  the  amount  of  sediment  anti  the  retlucinB  coefficient  XIOU. 
per  unit  of  saliva,  in  114  children,  a^cd  7  to  10  years. 

fi.  Variation  in  Reducing  Coefficient  of  Saliva  Obtained  From  Different 
Individuals. — Paraffin-.stimulated  saliva  was  collected  from  114  children  whose 
ages  ranged  from  7  to  10  yeai's.  The  reducing  coefficient  ranged  from  0.4  to 
10.7  units.  The  mean  value  was  2.0  units.  The  observi'd  distribution  of  reducing 
coclficicnts  cannot  1m*  fitted  to  a  normal  jirobability  distribution  curve  (x*  = 
25.68;  P  <  .001).  (Fig.  4.) 

7.  The  Reducing  Coefficu  nt  of  Caries-Free  Children. — A  total  of  29  caries- 
free  children  ranging  in  age  from  12  to  15  years  were  selected  from  two  cities, 
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with  another  29  randomly  selected  children  serviiifr  as  controls.  The  mean 
reducing  coefficient  of  the  saliva  from  the  caries-free  group  was  3.01  with  a 
standard  error  of  ±  0.59  as  compared  to  a  mean  value  of  2.85  ±  0.48  for  the 
control  groups.  The  differenees  are  not  significant. 

8.  Effect  of  Inhibitors  on  Rediuing  Coefficient  of  Saliva. — Furacin  (5-nitro- 
furaldehyde  semicarhazone)  has  been  shown  to  inhibit  many  dehydrogenases, 
particularly  those  involved  in  carbohydrate  metalwlism.*  Furacin,  after  incu¬ 
bation  with  saliva  for  1  hour,  inhibited  reduction  of  methylene  blue  (5  x  10'^  M) 
at  pH  7.1  by  50  per  cent  at  a  concentration  of  4.2  x  10  ®  M.  A  50  per  cent 
lowering  in  reducing  coefficient  was  obtained  by  a  7.3  x  10  ®  M  solution  of 
sodium  cyanide,  and  a  1.3  x  10’^  M  solution  of  iodoacetate  at  pH  7.1.  No 
inhibitor^'  effect  was  observed  by  0.001  M.  concentrations  of  sodium  fluoride, 
urethane,  or  penicillin  (5,000  units). 


REDUCING  COEFFICIENT  X  100 

KiK-  4. — The  iJiHtributiun  of  the  reducing:  coeftlcient,  X  100,  of  saliva  .samples  from  114  children, 

aged  7  to  10  years. 


9.  Effect  of  Anions  on  the  Reducing  ('oefficicnt  of  Saliva. — No  demonstrable 
effect  on  the  reducing  coefficient  of  saliva  was  observed  by  addition  of  lactate, 
glutamate,  succinate,  citrate,  or  formate  in  concentrations  of  1  x  10  ®  M,  pH 
7.1.  The  reducing  activity  was  measured  one-half  hour  after  addition  of  the 
substrate  to  the  saliva.  Similarly,  no  demonstrable  effect  was  noted  when  the 
above  substrates  were  added  to  the  centrifuged  sediment  washed  twice  with 
isotonic  saline  solution. 

I)IS(TTS.SI()X 

As  a  preface  to  the  dis<*ussion  of  exjierimenlal  findings  something  .should 
be  .said  of  the  limitations  of  the  use  of  o.vidat ion-reduction  potential  indicators. 
Saliva  is  the  verj'  antithesis  of  a  pure  chemical  comjiound  and  it  would  indeed 
be  difficult  to  prepare  or  imagine  a  more  heterogeneous  mixture.  The  investi- 
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•rator,  as  stated  by  W.  IVI.  Clark, ^  “makes  painfully  exact  measurements  upon 
frifjht fully  impure  compounds.’’  In  measurin}?  oxidation-reduction  potentials 
of  biolofiie  systems,  there  are  also  difficulties :  ( 1 )  in  obtaininjj  rei)rodueible 
results,  since  no  2  aliquots  of  saliva,  even  from  the  same  sample,  are  identical. 
(2)  in  knowing  what  constituents  of  the  system  are  instrumental  in  the  changes 
observed,  and  (3)  in  determining  the  effects  of  certain  components  of  the 
system  which  indirectly  by  catalytic,  poisoning,  or  other  activities  exert  an 
influence  on  the  potentials.^ 

However,  measurement  of  oxidation-reduction  potential  of  saliva  is  an 
attempt  at  a  study  of  a  dynamic  rather  than  a  static  state;  of  a  composite 
whole  rather  than  an  isolated  factor.  Some  interesting  facts  emerge  from  a 
.study  of  the  redox  systems  in  saliva. 

Table  I  indicates  that  saliva  readily  reduces  the  oxidized  form  of  oxidation- 
reduction  indicators  whose  E"  at  pH  7.0  is  more  jmsitive  than  approximately 
-0.20v.  The  relative  speed  at  which  saliva  reduces  equimolar  solutions  of  the 
redox  indicators  is  indicated  by  the  following  series:  toluylene  blue  is  reduced 
faster  than  (>)  methylene  blue  >  2,  3,  5  triphenyl  tetrazolium  chloride  > 
cre.syl  violet  >  safranin.  It  is  interesting  to  note  that  the  E°  (eg.,  -0.20v) 
below  which  the  redox  indicators  are  not  readily  reduced  by  saliva  corresponds 
to  the  lactate-pyruvate  system  (Pig.  1).  This  system  at  pH  7.0  will  reduce  all 
indicators  more  positive  than  -0.20v  hut  none  that  are  more  negative. 

The  inability  to  demonstrate  an  increase  of  the  reducing  coefficient  of 
saliva  upon  addition  of  substrates  as  lactate,  glutamate,  succinate,  citrate,  or 
formate,  is  probably  explained  on  the  basis  that  a  sufficient  amount  of  oxidizable 
substrate  is  present,  even  in  the  washed  sediment,  which  when  metabolized 
reduces  all  the  methylene  blue.  Thus,  1  ml.  of  5  x  10  *  M  methylene  blue  is 
approximately  equivalent  to  0.09  mg.  of  glucose,  assuming  1  ml.  glucose  donates 
2  atoms  of  hydrogen.  Such  minute  amounts  of  glucose  or  other  hydrogen 
donators  are  probably  found  in  whole  saliva  or  the  washed  sediment  of  saliva. 

The  loss  of  activity  of  saliva  that  is  passed  through  a  Seitz  filter,  or  from 
the  supernatant  of  saliva  that  is  centrifuged,  and  the  recovery  of  approximately 
70  per  cent  of  the  reducing  activity  in  the  sediment  strongly  indicates  that  the 
reducing  fraction  is  primarily  associated  with  the  solids  present  in  saliva.  The 
correlation  between  the  amount  of  sediment  and  the  corresponding  reducing 
coefficient  (r  =  0.811)  made  it  possible  visually  to  divide  saliva  into  high  and 
low  reducing  coefficient  groups  on  the  basis  of  the  amount  of  sediment. 

Further  identification  of  the  component  of  saliva  associated  with  its 
reducing  activity  must  await  .separation  of  the  sediment  into  its  components. 
The  sediment  in  saliva  consists  of  bacteria,  desquamated  cells,  leukocytes,  and 
some  debris.  It  is  probable  that  the  I'educing  coefficient  of  .saliva  is  correlated 
with  one  or  more  of  the  above  components,  most  probably  the  total  bacterial 
populations.  General  oral  hygiene  conditions  determine  to  a  large  extent  the 
total  number  of  bacteria  in  the  mouth*;  hence  the  possibility  that  the  reducing 
coefficient,  as  defined,  may  be  correlated  with  the  state  of  oral  hygiene. 
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CONCLUSIONS  AND  SUMMARY 

1.  Saliva  reduces  redox  indieatoi-s  wliose  K"  at  pH  7.0  is  more  positive 
than  -0.20v.  The  rate  at  whieli  eipiimolar  solutions  of  the  indicators  are  reduced 
is  indicated  by  the  following  series:  toluylene  blue  faster  than  (>)  methylene 
blue  >  2,  3,  5  triphenyl  tetrazolium  chloride  >  cresyl  violet  >  safranin  (only 
slightly  reduced). 

2.  The  reducing  coefficient  (x  100)  of  saliva  in  114  children  7  to  10  years 
of  age  ranges  from  0.4  to  10.7  units.  The  observed  reducing  coefficients  do  not 
fit  a  normal  probability  distribution  curve. 

3.  The  reducing  coefficient  is  decreased  50  per  cent  at  pH  7.0  by  4.2  x  10  ® 
M  Furacin;  7.3  x  10  ®  M  cyanide  and  1.3  x  10'^  iodoacetate.  Sodium  fluoride, 
penicillin,  and  urethane  had  no  inhibitory  effect. 

4.  No  demonstrable  effect  by  adding  the  following  oxidizable  substrates  was 
observed :  citrate,  lactate,  glutamate,  succinate,  and  formate. 

5.  The  reducing  coefficient  of  saliva  is  not  sharply  influenced  by  pH.  A 
broad  pH  optimum  exists  between  7  and  8. 

6.  The  reducing  activity  of  saliva  is  associated  with  the  insoluble  sediment. 
This  fraction  is  composed  of  bacteria,  desquamated  epithelial  cells,  leukocytes, 
and  debris.  It  appears  that  the  reducing  coefficient  of  saliva  may  be  primarily 
a  function  of  one  of  the  above  components. 

The  teclmical  assistance  of  Mrs.  Sybil  Rosen  and  Mrs.  Shirley  Woolridge  and  the 
statistical  advice  of  Dr.  R.  M.  Grainger,  research  associate  at  the  Faculty  of  Dentistry,  are 
gratefully  acknowledged. 
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TITKATABLE  ACIDITY  AND  TITRATABLE  ALKALINITY  OF  THE 
SALIVA  OF  CASES  CHOSEN  WITH  REFERENCE  TO  DENTAL  CARIES 

NAOMI  0.  TURNER  AND  JOHN  T.  ANDERS 
Biochemistry  Laboratory,  Forsyth  Dental  Infirmary  for  Children,  Boston,  Mass. 

SIX  jjroups  of  workers^'®  have,  in  the  past  fifty  years,  observed  an  association 
between  titratable  alkalinity  of  the  saliva  (or  the  buffer  capacity  of  the 
saliva  to  acid  addition)  and  the  incidence  of  dental  caries.  The  315  individuals 
reported  on  by  Turner,  Scribner  and  Bell**  were  a  random  sampling:  of  the 
(Jrcater  Boston  school  population  examined  at  the  Forsyth  Dental  Infirmary. 

An  extension  of  these  studies  is  described  in  this  paper.  Emphasis  was 
placed  on  children  with  extensive,  active,  rapid  dental  caries  and  as  largre  a 
sample  of  children  whose  teeth  were  free  from  dental  decay  as  was  available. 
Mirror,  i)robe,  and  radiog:raphs  were  used  in  the  dental  examinations. 

METHODS  .VXD  SUBJECTS 

P'or  213  of  the  children,  the  method  used  by  Turner,  Scribner,  and  Bell 
was  employed.  The  added  acid  for  determining:  alkalinity  was  0.001  N  HCl; 
the  indicator  was  methyl  red.  The  added  alkali  for  determining  acidity  was 
0.001  N  NaOH ;  the  indicator  was  phenolphthalein. 

For  a  third  group  (200  ±  2  children),  the  method  used  was  with  the  same 
added  solutions;  but  the  end  points  were  determined  on  the  Beckman  pH  meter 
set  at  5.5  and  5.0  for  titratable  alkalinity,  and  at  8.5  and  9.0  for  titratable 
acidity. 

RESULTS 

Fig.  1  shows  the  frequency  distribution  for  titratable  acidity  for  the  213 
children,  using  a  color  indicator  for  end  points ;  Fig.  2  shows  such  a  distribution 
for  the  202  children  using  pH  8.5  on  the  Beckman  pH  meter  as  the  end  point. 

Figs.  3  and  4  show,  respectively,  frequency  distributions  for  titratable 
alkalinity  for  the  213  children  using  a  color  indicator  for  the  end  jmint  and 
for  the  198  children  using  pH  5.5  on  the  Beckman  pH  meter  as  the  end  point. 

It  is  of  interest  that  the  acidity  values  in  these  2  series  are  (piite  similar 
in  range  and  distribution  to  each  other  and  not  unlike  the  random  .sampling 
distribution  of  the  315  previously  reported  cases.® 

The  dental  examinations  were  with  mirror  and  probe  by  one  examiner  for 
each  series  and  were  supported  by  bite-wing  radiographs. 

In  characterizing  the  condition  of  the  teeth  for  the  213  cases,  3  categories 
were  used:  caries-free,  moderate  decay  (1-20  DMF  surfaces),  extensive  decay 

This  investigation  was  supported  in  part  by  a  Kesearch  Grant  D-1-46-C  from  tlie  Na¬ 
tional  Institute  of  Dental  Research  of  the  National  In.'ititutes  of  Health,  Public  Health  Service, 
Department  of  Health.  Education  and  Welfare. 

Received  for  publication  Dec.  6.  revised  by  authors  Nov.  22,  1955. 


.TS.'J 


TURNER  AND  ANDERS 


J.  D.  Re,. 
June,  1956 


(21  and  more  DMF  suitace.s).  The  statistical  findiiifts  for  each  catcftory  with 
respect  to  titratable  acidity  are  shown  in  Table  I,  and  those  for  each  category 
with  respect  to  titratable  alkalinity  in  Table  II. 


Table  I 

Titkatable  Acibity — Fhexo!,piithalein'  Indicator 


- - - 

1  NUMBER  1 

MEAN  I 

SIGMA 

('aries-free 

29 

2.28 

1..39 

Moderate 

10,3 

.I.I.i 

1.76 

Extensive 

81 

.1.95 

2.33 

Table  II 

Titratable  Alkalinity — :Methyl 

Red  Indicator 

1  NUMBER  1 

MEAN  1 

SIGMA 

('aries-free 

29 

10.87* 

2.30 

Moderate 

lO.I 

10.0(5 

2.48 

Extensive 

81 

8.32 

2.15 

•This  figure  is  not  quite  in  line  with  those  obtained  for  caries-free  cases  in  the  other 
2  series,  namely,  13.14  and  12.34. 


For  the  200  ±  2  cases,  7  categories  were  u.sed  in  an  attempt  to  as.se.ss  not 
only  past  caries  experience  in  terms  of  total  DMF  surfaces,  but  also  to  take 
into  account  current  or  recent  dental  decay. ^  The  findings  are  summarized  in 
Tables  III-V. 


Table  III 

Titratable  Acidity  to  pll  S.5  and  pH  !>.0 


TO  pii  8.5  1 

TO  pii  9.0 

CLASSIFICATION  OF  DENTAL  DECAY 

.NUM  BER 

MEAN  1 

SIGMA  1 

MEAN 

1  SIGMA 

Caries-free 

29 

2.57 

1.47 

0.40 

Moderate  Static 

10 

3.43 

1..33 

7.72 

2.63 

Moderate  Active  Slow 

02 

2.73 

1.4.3 

0.48 

2..59 

Moderate  Active  Rapid 

33 

.3.15 

1.49 

6.08 

2.50 

Extensive  Static 

o 

2.10 

— 

6.30 

— 

Extensive  Active  Slow 

7 

.3.70 

2A2 

7.93 

.3.1.3 

Extensive  Active  Rapid 

59 

.3.00 

1.94 

7.50 

.3.05 

Table  IV 

Titratable  Alkali.vity  to  pH  5.5 


CLASSIFICATION  OF  DENTAL 

DECAY  1 

NO. 

1  MEAN  1 

SIGMA 

Caries-free 

28 

12..34 

Moderate  Static 

10 

1.3.30 

2.72 

Moderate  Active  Slow 

00 

11.72 

2.51 

Moderate  Active  Rapid 

.33 

10.93 

2.85 

Extensive  Static 

2 

11.00 

— 

Extensive  Active  Slow 

7 

10.73 

2.59 

Extensive  Active  Rapid 

58 

9.47 

3.02 

Table  V 

Titratable 

Alkalinity  to 

pH  5.0 

CLASSIFICATION  OF  DENTAL 

DECAY  1 

NO. 

1  MEAN  1 

SIGMA 

Caries-free 

29 

14.87 

2.92 

Moderate  Static 

10 

15.77 

3.38 

Moderate  Active  Slow 

02 

13.S4 

2.78 

Mo<lerate  Active  Rapid 

34 

12.08 

.3..30 

Extensive  Static 

1 

14.40 

— 

Extensive  Active  Slow 

7 

1.3.13 

2.89 

Extensive  Active  Rapid 

59 

11.70 

.3..34 

Volume  ^5 
Number  3 
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lnsi)ection  of  Tables  I  and  III,  and  11  and  IV,  reveals  that,  with  color 
indicator  or  pll  meter  to  comparable  end  points,  the  caries-free  cases,  as  a 
wroup,  show  lower  acidity  and  higher  alkalinity  than  those  cases  with  extensive 
decay,  which  show  higher  acidity  and  lower  alkalinity. 

In  order  to  find  out  whether  any  statistieally  significant  relationship  exists 
between  the  groups  chosen  on  the  basis  of  dental  caries  experienee  (within  eaeh 
series),  “t”  tests  were  applied.  Tables  VI  and  VII  show  “t”  values  for  acidity 
and  alkalinity  for  the  series  employing  the  pH  meter. 

Under  the  conditions  of  these  tests  and  using  past  experience  as  the  index 
of  dental  caries,  it  would  appear  that  even  more  closely  associated  with  dental 
decay  than  acids  themselves,  as  found  in  “resting”  saliva,  is  the  capaeity  of 
the  “resting”  saliva  to  buffer  against  acids. 


Table  VI 

Titk.vtable  Acidity 


“t” 

TO  S.5 

PROB. 

PROB. 

Caries-free  vs.  Mixlerate 

1.16 

0.10 

0.4.5 

n.  8. 

Caries-free  vs.  I^xteiisive 

2.45 

0.02 

1.5S 

0.10 

Moderate  vs.  Extensive 

2.45 

0.02 

1.99 

0.05 

Rapids  vs.  Slows 

2.21 

0.05 

1  2*^ 

n.  H. 

Table  VII 

Tithatable  Alkalinity 

“t" 

“t” 

TO  5.5 

PROB. 

PROB. 

Caries-free  vs.  Moderate 

1.2.*?* 

n.  s. 

1.86* 

0.10 

Caries- free  vs.  Extensive 

4.06 

0.01 

4.07 

0.01 

Moderate  vs.  Extensive 

4.42 

0.01 

.3.37 

0.01 

Rapids  vs.  Slows 

3.51 

0.01 

3..33 

0.01 

•Caries-free  vs.  Moderate  Active  Rapid  (eliminating  Moderate  Static  and  Mo<lerate 
Slow)  “ts"  =  1.92  and  2.70. 


I)ISCUS.SIOX 

The  al)ove  results  suggest  that  it  may  not  be  so  much  the  presence  of  acid 
as  the  absence  of  physiologic  buffers  on  the  alkaline  side  to  handle  these  acids 
(and  those  from  CHO  degradation)  that  is  associated  with  dental  decay. 

Dreizen,  Reed,  Niedermeier,  and  Spies*  have  reported  differences  in  ion 
concentrations  in  salivas  that  have  been  obtained  with  and  without  paraffin 
stimulation.  It  should  be  emphasized  that  the  saliva,  used  in  the  studies  here 
reported,  was  in  all  cases  resting  saliva,  i.e.,  nothing  was  taken  into  the  mouth 
to  stimulate  salivary  flow. 


SUMMARY  AND  ('ONCLT’SION 

Titratable  acidity  and  titratable  alkalinity  of  the  saliva  are  reported  for 
a  series  of  213  children.  This  series  does  not  represent  a  random  sampling 
hut  rather  emphasis  was  placed  on  selection  of  children  who  were  either  caries 
free  or  had  experienced  extensive  dental  decay.  A  large  group  of  intermediate 
cases  was  also  included.  End  points  for  titrations  for  this  series  were  by  color 
indicator. 
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Titratable  acidity  and  titratable  alkalinity  of  the  saliva  are  also  reported 
for  a  series  of  200  ±  2  cases.  Emphasis  was  placed  on  selection  of  children  who 
were  caries  free  or  who  had  experienced  extensive,  active,  rapid  dental  decay. 
Here  titrations  were  to  fixed  pH  values  on  the  Beckman  pH  meter. 

Freciueney  distributions  for  these  2  series  are  (juite  .similar  to  each  other. 
In  the  case  of  acidity  they  are  quite  similar  to  a  random  .sampling  series  previ¬ 
ously  reported.  In  the  case  of  alkalinity  these  2  series,  chosen  wdth  reference 
to  extremes  in  dental  decay  experience,  show'  greater  tendency  to  multiple  peaks 
than  does  the  frequency  di.stribution  for  the  random  sample.** 

Judged  on  the  basis  of  “t”  values,  titratable  alkalinity  appears  to  he 
more  consistently  related  to  dental  decay  than  does  titratable  acidity. 

ADDENDA 

Since  submitting  this  study  for  publication,  a  fourth  series  of  children  (222)  has  been 
studied  for  titratable  acidity  and  titratable  alkalinity  of  the  saliva.  The  results  of  this 
series  confirm  the  earlier  .I.  In  addition,  for  this  series  titratable  acidity  was  carried  to  pH’s 
8.5,  9.0,  and  9.5,  and  titratable  alkalinity  was  carried  to  pH ’s  0.5,  0.0,  5.5,  5.0,  4.5,  4.0,  and 
.I.S,  without  finding  an  interval  showing  closer  a.sso<-iation  with  dental  caries  experience  than 
those  previously  used;  namely,  pH  8.5  for  titratable  acidity  and  pH  5.5  for  titratable 
alkalinity. 
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A  SLMPLE,  RAPID  METHOD  FOR  QUANTITATIVE  DETERMINATION 
OF  SALIVARY  AMYLASE 

0.  K.  CLAYCOMB,  MARCIA  N.  McCHKHNKY,  AND  MARSHALL  L.  SNYDER 

Departments  of  Biochemistry  and  Bacteriology,  Dental  School,  University  of  Oregon, 

Portland,  Ore. 

SALIVARY  amylase  offers  considerable  promise  as  a  laboratory  test  for  the 
estimation  of  caries  activity,  primarily  because  of  reaction  speed,  but  its 
exact  role  in  the  caries  process  remains  controversial.  The  divergent  claims 
which  have  arisen  about  this  relationship  stem,  in  our  opinion,  from  the  dif¬ 
ferent  analytical  methods  employed.  Thus,  studies''^  based  on  qualitative  pro¬ 
cedures  (spot-plate  methods)  have  given  a  high  degree  of  correlation  with 
DMF,  whereas  quantitative  technics^’  *  have  not.  The  inaccuracies  of  the  spot- 
plate  method  resulting  from  a  visual  observation  of  color  change  (dextrinizing 
time)  and  the  uncontrolled  environment  made  this  method  unsatisfactory  for 
our  purpose.  Or  the  other  hand,  the  cumbersomeness  of  measuring  reducing 
substances  formed  by  the  action  of  alpha-amylase  on  starch  eliminated  this 
technic  for  volume  work.  Our  basic  need  was  a  simple,  rapid  quantitative  pro¬ 
cedure  which  would  allow  reasonably  accurate  analyses  of  large  numbers  of 
specimens  of  saliva.  We  wish  to  report  a  method  which  proved  satisfactory 
for  this  purpose. 

The  standard  method  of  reference  for  estimation  of  serum  amylase  is  that 
of  Somogyi®  in  which  the  amount  of  reducing  substances  formed  by  enzymatic 
action  on  a  known  amount  of  starch  is  determined  quantitatively  (copper  re¬ 
duction)  and  the  results  expressed  as  units  of  a-amylase.  Most  subsequent 
procedures,  e.g.,  Van  Loon’s,^  have  measured  the  starch-iodine  color  changes 
which  reflect  the  amount  of  residual  starch  remaining  after  amylase  attack  in 
terms  of  a  .standardized  calibration  curve.  Carroll  and  Van  Dyk*  recently  re- 
portetl  a  method  which  employed  congo  red  as  an  absorption  indicator.  None 
of  these  technics  was  satisfactory  for  rapid  analysis  of  multiple  samples  be- 
’  cause  so  much  glassware  or  time  was  required. 

Attempts  to  adapt  these  volumetric  methods  for  our  purpose  also  failed 
because  the  amount  of  starch  necessary  (240  to  250  mg.)  for  the  quantity  of 
enzyme  pre.sent  in  0.1  ml.  of  saliva  did  not  give  color  inten.sities  following  the 
Beer-Lambert  absorption  law.  This  outcome  was  expected  in  light  of  the  work 
of  Boutaric  and  Anglade-Thevenet**  who  showed  linealion  for  the  starch-iodine 
color  only  in  dilute  concentrations  of  these  reagents  and  then  only  in  the 

Presented  in  nart  at  the  Thirtv-second  Annual  Meetine  of  the  International  Association 
for  Dental  Kesearch,  French  Dick,  Ind.,  March  21,  1954.  (J.  D.  Res.  35:  654.  1954,  Abst.) 

This  investigation  was  supported  in  part  by  a  research  grant.  D-130-R.  from  the  National 
institute  for  Dental  Research  of  the  National  Un.stitutes  of  Health.  Public  Health  Service. 
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region  of  maximum  absorption  (550  m/i).  A  systematic  study  of  the  variables 
in  the  amylase-starch  reaction,  combined  with  an  accidental  observation  giving 
reproducible  photometric  values  led  to  the  development  of  a  quantitative 
method  satisfying  the  following  specifications:  (1)  an  easily  measured  volume 
of  saliva,  (2)  incubation  of  saliva-starch  mixture  in  a  single  test  tube,  (3) 
short  incubation  time,  (4)  arresting  of  enzymatic  action  and  development  of 
color  in  the  same  tube,  (5)  one  transfer  for  photocolorimetric  reading,  and 
(6)  comparison  against  the  action  of  an  amylase  standard. 

It  was  thought  of  interest  to  report  our  study  of  the  factors  influencing 
this  reaction  with  special  reference  to  the  unplanned  but  fortuitous  incident 
which  actually  provided  the  solution  to  our  problem. 

a.  Volume  of  saliva:  The  smallest  volume  of  saliva  which  w'e  could  readily 
measure  for  routine  quantitative  w'ork  was  found  to  be  0.1  ml. 

b.  Starch:  Mallinckrodt ’s  analytical  reagent  grade  starch  was  used  which 
permitted  the  comparison  of  the  different  analyses  since  we  found  very  little 
variations  between  lot  numbers  of  this  chemical.  Empirically  it  was  found 
that  19  ml.  of  1.28  per  cent  solution  of  this  reagent  provided  sufficient  substrate 
for  determination  of  the  maximum  amount  of  alpha  amylase  in  95  per  cent  of 
the  specimens  tested.  Furthermore,  when  this  suspension  was  buretted  into 
test  tubes  and  stoppered,  it  remained  stable  at  room  temperature  (20°  C.)  at 
least  5  days  in  contrast  to  the  rapid  deterioration  of  starch  left  in  large  vol¬ 
umes.  The  advantage  of  this  tube  technic  should  have  practical  value  in  other 
laboratory  procedures.  Even  though  we  found  this  starch  contained  between 
9  to  10  per  cent  water,  it  was  not  believed  necessary  to  dry  it  since  the  blank, 
standard,  and  unknown  were  all  determined  from  the  same  preparation. 

c.  Incubation  time:  With  the  volumes  of  saliva  and  starch  used  it  was 
po.ssible  to  select  an  incubation  time  of  5  minutes,  which  is  an  agreement  with 
Ericsson'®  whose  data  showed  maximum  enzymatic  hydrolysis  of  starch  oc- 
cui’ring  in  the  first  5  minutes  of  the  reaction.  This  abbreviated  time  interval 
was  a  major  factor  in  permitting  2  people  to  perform  150  determinations  in 
a  working  day. 

d.  Arresting  of  enzymatic  activity  and  development  of  color:  This  w'as  ac¬ 
complished  by  the  addition  of  a  reagent  which  contained  HCl  acid  and  the 
dilute  working  solution  of  iodine.  The  addition  of  acid  was  necessary  because 
the  low'  concentration  of  L  used  for  color  development  would  not  str*'  the 
amylolytic  attack. 

e.  Amylase  standard:  We  were  successful  in  establishing  a  standard  read¬ 
ing  directly  in  milligrams  of  alpha-amylase.  This  resulted  from  the  accidental 
discovery  that  a  linear  curve  was  obtained  when  243  mg.  of  starch  were  incu¬ 
bated  with  commercial  amylase ;  this  curve  closely  paralleled  the  one  obtained 
by  serial  dilution  of  an  initial  mixture  of  starch  (243  mg.)  and  iodine.  Thus 
it  became  possible  to  establish  the  requisite  reference  standard  for  the  initial 
starch-iodine  curve  and  the  action  of  a  known  amount  of  enzyme  on  starch, 
respectively.  A  comparison  of  these  curves  is  given  in  Fig.  1. 
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Curve  A  of  Fig.  1  was  prepared  by  making  aqueous  serial  dilutions  of 
243  mg.  of  starch  and  0.3  mg.  of  I,  (in  15  mg.  of  KI).  Curve  B  was  prepared 
by  incubating  a  constant  amount  of  starch  (243  mg.)  with  varying  amounts 
of  commercial  alpha-amylase  and  treating  the  mixtures  with  the  same  volume 
of  KI3  as  above.  This  second  curve  was  the  same  whether  water  or  heat-in¬ 
activated  saliva  was  used  as  a  diluent.  From  these  data  it  was  concluded  that 
only  the  transmittance  range  from  18  to  80  percentile  could  be  used  because 
of  the  inflection  points  occurring  below  and  above  these  values.  Since  a  high 
degree  of  accuracy  was  not  particularly  necessary  in  our  investigation,  our 


Fig.  1. — starch-iodine  color  dilution. 


('I.AYC'OMB,  MC’C'HESNKY,  AND  SNYDER 


J.  D.  Re, 
June.  1956 


standard  ivftortrd  only  incn'inents  of  0.5  mg.  of  aniylaso  with  a  spread  of 
±  0.25  mg.,  e.g.,  any  sample  of  saliva  giving  a  transmission  reading  of  25  to  30 
percentage  was  estimated  to  contain  an  equivalent  of  2.5  mg.  of  commercial 
enzyme  (see  hox(*d  area). 


Ii9  2t8  3i7 


19  ml  1.28^  Stare 
I  ml  NaCl-Phospha 
0*1  ml  Sallva-arat 


The  validity  of  t 
human  saliva  was  sup] 
jected  to  the  same  pr< 
are  shown  in  Fig.  2. 
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This  is  a  comparison  of  2  specimens  of  human  saliva,  containing  different 
amounts  of  alpha-amylase,  which  were  treated  the  same  as  the  standard  using 
water  as  the  diluent.  The  specimen  containing  a  high  concentration  of  the 
enzyme  yielded  a  curve  (A)  with  inflection  points  and  linearity  comparable 
to  that  of  the  standard  (curve  B,  Fig.  1).  The  other  curve  (B)  represents  the 
(lata  from  a  specimen  of  saliva  with  a  lower  content  of  alpha-amylase;  it  ex¬ 
hibited  the  same  break  at  18  percentile  transmission  but  not  at  the  upper  point 
because  of  the  smaller  content  of  enzyme.  The  relative  amounts  of  alpha- 
amylase  reflected  in  the  linear  portion  of  the  curves  are  given  at  the  right  side 
of  the  graph.  These  arbitrary  units  met  the  requirements  of  only  the  more 
active  specimens  of  saliva.  In  our  experience  approximately  55  per  cent  of 
all  samples  gave  less  than  18  percentile  tran.smission.  However,  an  analysis 
of  this  group  could  be  made  by  decreasing  the  amount  of  starch  substrate 
used  initially. 

The  details  of  our  method  as  it  was  finally  evolved  and  routinely  applied 

are : 

Saliva. — Specimens  of  saliva  were  collected  from  children  at  the  Washing¬ 
ton- Vancouver  School  for  the  Deaf  between  9  and  10  a.m.,  placed  as  quickly 
as  possible  in  an  insulated  box  maintained  just  above  freezing,  and  transported 
to  the  laboratory  where  they  were  placed  under  refrigeration  (5°  F.)  until 
net'ded.  All  analyses  (chemical  and  bacteriological)  w’ere  complet(‘d  within 
24  hours.  It  has  been  shown  by  Bauer  and  Martin**  and  confirmed  in  our 
laboratory  that  under  these  conditions  little  change  in  activity  occurs  during 
this  time.  However,  actual  freezing  of  the  specimens  is  to  be  avoided,  since 
the  amylolytie  activity  undergoes  an  apparent  increase. 

Ucagents. — 

1.  Starch  Substrate,  1.28  per  cent:  12.80  Gm.  of  soluble  indicator  starch 
wore  accurately  weighed  and  suspended  in  100  ml.  of  cold  water  in  a  one-liter 
volumetric  flask.  To  this  was  added  500  ml.  of  boiling  water,  with  constant 
agitation  to  prevent  clumping,  then  the  flask  was  placed  in  boiling  water  until 
the  solution  steamed.  After  cooling  to  approximately  25°  G..  the  contents 
were  brought  to  volume  with  distilled  water.  This  solution  in  19  ml.  aliquots 
was  automatically  buretted  into  IH  by  150  mm.  t(‘st  tubes.  When  stoppered. 
th(‘se  can  be  stored  at  room  temperature  (20°  to  25°  C.)  for  5  days  without 
appri'ciable  change.  It  is  advisable  to  ascertain  the  reliability  of  the  substrate 
prior  to  using  by  (1)  checking  the  .starch-i(»dine  color  relation.ship  and  (2) 
doing  a  standard  amylase  (bdermination.  Fivsh  starch  should  be  prepared  if 
these  results  show’  more  than  3  per  cent  variation  from  those  obtained  the  day 
the  solution  w’as  pre])ared. 

2.  NaVl-Phosphate  Buffer,  pll  7.0:  0.2  Gm.  of  reagent  grade  XaGl  was 
(lis.solvcd  in  100  ml.  of  i)hosphate  buffer  ((51.1  nd.  of  0.1  M  Na-.-llPtb  •  12  ILO 
and  38.9  ml.  of  0.1  M  Kir.lM)4).  This  mixture  remains  stable  for  one  month 
at  5°  C. 

3.  Iodine  Stock  Reagent:  to  3  Gm.  of  reagent  grade  Kl,  dissolved  in  90 
ml.  of  water  in  a  volumetric  flask,  0.60  Gm.  of  resublinK'd  D  w’as  added  and 
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shaken  until  dissolved,  then  diluted  to  volume  with  water.  This  solution  is 
stable  for  at  least  3  months  at  room  temperature  when  stored  in  a  {;las.s-stop- 
pered  dark  bottle. 

4.  HCl-KIj  Working  Sohttion:  to  5  ml.  of  the  Iodine  Stoek  solution  in  a 
100  ml.  volumetric  flask  was  added  25  ml.  of  1.0  N  IK’l  and  water  to  dilute  to 
volume.  This  mu.st  be  prepared  fresh  daily. 

5.  Alpha-Amylase  Standard,  5  mg./ 0.1  ml.:  0.5  Gm.  of  alpha-amylase  (Nu¬ 
tritional  Biochemical  Corporation)  was  dissolved  in  2  per  cent  acpieous  NaCl 
to  }jive  a  final  volume  of  10  ml.  (5  m{j./0.1  ml.).  Aqueous  serial  dilutions  were 
prepared  from  this  .stock  solution  to  contain  4  mg.,  3  mg.,  2  mg.,  and  1  mg.  of 
alpha-amylase  per  0.1  ml.  of  the  respective  dilutions. 

Procedure. — To  the  test  tubes  containing  19  ml.  of  starch  substrate,  0.5 
nd.  Na(M-Phosi)hate  buffer  was  added  and  the  solution  equilibrated  in  a  water 
bath  at  40°  ('.  To  each  tube,  0.1  ml.  saliva  was  added,  mixed  by  inversion,  and 
the  whole  returned  immediately  to  the  water  bath.  At  the  end  of  exactly  5 
minutes’  incubation,  the  enzymatic  activity  was  stopped  and  the  color  de¬ 
veloped  by  addition  of  1.0  ml.  of  IICl-KIs  working  solution.  The  contents 
were  mixed  thoroughly  by  inverting  several  times  and  a  portion  read  in  a 
colorimeter  (Bausch  and  Bomb  Monochromatic,  505  my  filter)  set  at  100  per 
cent  transmis.sion  against  a  blank  which  contained  1.0  ml.  of  IICl-KI.-,,  0.5  ml. 
of  buffer,  and  19  ml.  of  distilled  water.  To  obtain  reproducible  re.sults  it  was 
imperative  that  the  transmittancy  be  read  at  a  set  interval  (we  used  30  sec¬ 
onds)  after  the  addition  of  the  last  reagent.  This  was  neces.sary  because  the 
development  of  the  blue  color  is  a  function  of  time,  increasing  in  intensity  for 
15  minutes  and  thereafter  decreasing  for  24  hours.® 

RK.SULTS 

After  perfection  this  semi(piantitative  technic  was  introduced  as  a  routine 
laboratory  i)rocedure  for  the  det«*rmination  of  .salivary  alpha-amylase.  Results 
on  a  di.stribution  ba.sis  for  1,228  si)ecimens  of  saliva  are  given  in  Table  1. 


Tabi.e  I 

The  Distkibi  tion  oe  Amoi  nts  ok  Ai.rHA-.\MYi.ASE  i.\  Scecimens  <»k  Samva 


tt-AMYI.ASE 

MO./O.l  MI..  SAI.IVA  1 

%  T 

1  .NO.  Sl’EC. 

1 

%  OF  NO. 

1.5 

20 

665 

54.7 

2.0 

20-24 

185 

15.1 

2.5 

25-30 

129 

9.9 

:i.o 

.31-37 

72 

5.9 

.1.5 

38-45 

54 

4.4 

4.0 

46-56 

44 

3.6 

4.5 

57-70 

19 

1.5 

5.0 

70 

60 

4.9 

1,228 

100.0 

Analysis  of  Table  I  shows  55  per  cent  of  the  .specimens  had  less  than  1.5 
mg.  per  milliliter  of  saliva  of  alj)ha-amylase  while  oidy  5  per  cent  had  greater 
than  5.0  mg.  per  milliliter  of  saliva.  Although  it  would  be  necessary  to  change 
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the  amounts  of  starch  to  analyze  the  group  at  either  extreme,  this  technic 
quickly  and  with  reasonable  precision  separated  individuals  into  1  of  3  arbi¬ 
trary  groups  based  on  the  content  of  salivary  alpha-amylase:  high  (5.0  mg.  per 
milliliter),  moderate  (1.5  to  5.0  mg.  per  milliliter)  and  low  (1.5  mg.  per  milli¬ 
liter). 

Tsing  comparative  data  from  these  1,228  samples  we  could  find  no  rela¬ 
tionship  between  alpha-amylase  content  and  the  lactobacillus  count,  acid  pro¬ 
duction  or  volume  of  respective  .specimens  of  saliva. 

DISCUSSION 

The  use  of  the  starch-iodine  color  formation  as  an  index  of  amylase  at¬ 
tack  upon  starch  requires  a  greater  concentration  of  starch  than  does  the  teeh- 
nic  of  end  products  (reducing  substances)  analysis  because  at  the  erythro- 
dextrin  end  point  only  20  per  cent  of  the  starch  is  hydrolyzed  and  80  per  cent 
remains  in  the  achromic  region.^®  This  relationship  probably  explained  the 
inability  to  obtain  the  necessary  linear  standard  of  reference  for  photometric 
analysis  when  starch  was  the  only  variable;  this  was  especially  true  in  our 
case  w  here  large  amounts  of  starch  were  required  to  provide  enough  substrate 
to  offset  the  a-amylase  content  in  0.1  ml.  of  saliva.  Although  linearity  of  the 
.starch-iodine  mixture  could  be  expected  on  the  basis  of  simple  dilution  as  we 
found  it  to  be,  w^e  could  not  explain  satisfactorily  w'hy  a  closely  parallel 
linearity  was  also  obtained  when  commercial  amylase  in  progressive  amounts 
(0.5,  1.0,  1.5,  2.0,  etc.)  acted  upon  the  original  and  constant  amount  of  starch. 
Nevertheless,  the  reactions  gave  transmission  readings  in  conformance  with 
the  Beer-Lambert  adsorption  law  and,  as  far  as  w  e  could  determine,  were  valid 
either  for  the  approximation  of  known  amounts  of  alpha-amylase  in  the 
standard  or  the  unknown  material. 

We  believe  that  this  technic  permits  a  quantitative  estimation  of  alpha- 
amylase  present  in  saliva  because  the  short  incubation  time  and  high  concen¬ 
tration  of  substrate  create  conditions  under  w’hich  the  reaction  rate  should  be 
dependent  solely  upon  the  enzyme  concentration.*-  The  term  “amount”  of 
enzyme  is  preferred  to  that  of  “activity”  since  a  pos.sibility  exists  that  the  ac¬ 
tivity  of  .salivary  alpha-amylase  may  be  influenced  by  the  presence  of  free 
amino  acid  of  the  dental  plaque.*®’  *^  It  is  extremely  doubtful,  however,  that 
the  concentration  of  these  amino  acids  in  the  microamounts  they  must  be  in 
the  saliva  can  materially  affect  the  reaction  rate  in  vitro  tests  requiring  rela¬ 
tively  huge  amounts  of  sub.strate  but  it  is  a  point  which  will  bear  further  in¬ 
vestigation. 

SUMMARY 

A  rapid,  quantitative  method  for  estimation  of  .salivary  alpha-amylase  has 
been  developed.  A  known  amount  of  starch  is  incubated  with  O.l  ml.  of  saliva 
and  the  amount  remaining  is  determined  photoeolorimetrically  by  development 
of  the  starch-iodine  blue  complex. 

The  amount  of  human  salivary  alpha-amylase  present  is  determined  by 
comparison  with  the  action  of  commercial  amylase  under  the  same  conditions. 
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Jhiiiiau  salivas  can  lx*  (juickly  {rrouped  into  3  arbitrary  groups  in  rospoct 
to  tlioir  ainylaso  content. 

It  is  p(»ssit)l(*  to  prci)arc  all  the  reagents,  with  the  exception  of  the  diluted 
working  solution  of  iodiiu*,  at  least  24  hours  in  advance  of  the  time  they  are 
to  be  used. 

Two  teehnieians  can  analyze  150  samples  of  saliva  per  day. 

There  is  no  correlation  between  amounts  of  salivary  alpha-amylase  and 
laetobaeillus  counts,  acid  pnxluetion  in  selective  media  or  volume  of  respective 
specimens  of  saliva. 
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THE  EFFECTS  OF  PENICILLIN  AND  TERRAMYCIN  ON  DENTAL 
CARIES  AND  CERTAIN  ORAL  MICROFLORA  IN  HUNT-IIOPPERT 
CARIES-SUSCEPTIBLE  RATS 

S.  ROSEN,  H.  S.  RAGHEB,  C.  A.  HOPFERT,  AND  H.  R.  HUNT 

Dipartmoitu  of  Bacteriology,  Zoology,  and  Chemistry,  Michigan  State  University,  East 

Lansitig,  Mich. 

CERTAIN  antibiotics  are  able  to  inhibit  dental  caries  presumably  by  their 
antimicrobial  activity.  Penicillin  has  proved  to  be  of  some  value  in 
reducinff  dental  caries  in  humans'’  *  and  animals.®’’  This  antibiotic  has  also 
been  shown  to  be  effective  in  reduciiifr  numbers  of  aciduric  bacteria  in  the 
mouth.®’**  In  animal  experiments  several  investi^atoi’s  have  shown  a  correlation 
between  caries  inhibition  and  lower  numbers  of  oral  lactobacilli  when  penicillin 
was  incorporated  into  the  diet.®’*  Stephan,  Fitzgerald,  McClure,  Harris  and 
Jordan*  showed  that  penicillin  and  bacitracin,  which  specifically  inhibit  ?ram- 
|H)sitive  bacteria,  are  more  effective  in  preventing  dental  caries  than  certain 
wide-.spectrum  antibiotics.  However,  since  they  found  that  Aureomycin  did 
not  inhibit  lactobacilli,  but  controlled  caries  as  well  as  Chloromycetin,  which  did 
inhibit  lactobacilli,  no  conclusion  could  be  made  relatinji  lactobacilli  to  dental 
caries. 

The  use  of  the  Hunt-Hoi)pert  caries-susceptible  rats  provides  certain  ad- 
vantagvs  over  other  strains.  It  is  well  known  that  this  strain  develops  caries 
rapidly  in  contrast  to  the  Hunt-Hoppert  caries-resistant  rats.'®’**  It  has  also 
l)een  shown  that  lactobacilli  are  recovered  more  frcipiently  and  in  larger  num- 
b«'rs  from  caries-susceptible  than  from  caries-resistant  rats.'*’®* 

Penicillin  was  selected  for  study  because  of  its  known  ability  to  inhibit 
lH)th  caries  aiul  aciduric  bacteria.  Terramycin  was  chosen  because  it  is  effective 
ajrainst  many  types  of  bacteria,  whereas  penicillin  chiefly  inhibits  »;ram-positive 
bacteria. 

M.\TKRIAL.S  .\NI>  .METHODS 

Littermate  caries-susceptible  rats  Mere  distributcHl  equally  into  test  aiul 
control  p:roups.  A  similar  numlwr  of  caries-resistant  rats  M’as  also  selected 
in  order  to  compare  the  oral  baeteriolojfic  chanjjes  in  antibiotic-inhibited  caries 
with  caries  iidiibited  by  heredity.  Both  male  and  female  rats,  25  to  J5  days 
old.  were  placed  in  catjes  containing;  wikmI  shavinj;s.  The  H.  W.  U.  earioj;enic 

This  investlKatiun  was  supporteil  by  a  rfsearcli  ttrant  from  the  Natiunal  Institute  for 
Dental  Research,  of  the  Natiunal  Institutes  of  Health,  Public  Health  Seivice. 

Received  for  publication  Jan.  14,  1955. 
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diet  was  fed  to  the  rats  in  the  control  «rronp.-*^'  The  rats  in  the  test  groups 
were  given  the  same  diet  containing,  in  addition,  the  following  types  and 
(piantities  of  antibiotics: 

Diben/yldiethylenediainine  i)enicillin  (P  2.4)*  oOO  units  ])er  gram  of  feed 

Terramycin  animal  formula  soluble  powder*  200  micrograms  per  gram 

of  feed  (0.025  per  cent) 

These  antibiotic  preparations  were  selected  for  their  high  stability  in 
feeds.  The  concentration  of  Terramycin  was  determined  by  i)reliminary  in  vivo 
experiments  which  indicated  the  minimum  concentration  needed  to  inhibit 
lactobacilli.  The  al)ove  penicillin  concentration  was  the  same  as  used  by 
previous  investigators.’ 

Bacteriologic  examinations  of  littermates  were  made  on  the  same  day  at 
intervals  of  1,  5,  and  10  weeks.  The  lower  right  molars  were  brushed  with  a 
sterile  cotton  swab  moistened  in  1.0  per  cent  peptone  water.  The  swab  was 
retained  in  1.0  ml.  of  the  peptone  water  until  the  tip  of  the  swab  was  broken 
off  into  a  screw-cap  bottle  containing  5.0  ml.  of  1.0  per  cent  pejHone  water. 
The  bottle  was  shaken  until  the  swab  disintegrated.  Dilutions  were  made 
in  distilled  water  and  0.1  ml.  amounts  were  plated  on  the  surface  of  various 
agar  media. 

Lactobacillus  counts  were  made  on  lactobacillus-selection  medium  (BBL) 
and  on  tomato  juice  agar  special  (I)ifco)  containing  0.02  per  cent  sodium  azide. 
Streptococcal  counts  were  made  on  azide  dextrose  broth  (l)ifco)  containing  1.5 
per  cent  agar  and  on  brain  heart  infusion  agar  (l)ifco)  containing  0.02  per  cent 
sodium  azide.  Eosin  methylene  blue  agar  (I)ifco)  was  used  for  coliform  counts. 
A  “total”  count  was  made  on  tryptone  glucose  extract  agar  (l)ifco)  containing 
4  per  cent  skim  milk.  All  plates  were  incubated  at  37°  (\  for  72  hours. 
Organisms  per  ml.  of  original  susj^ension  were  used  to  determine  the  bacterial 
count. 

The  rats  were  observed  macroscopically  for  caries  every  2  weeks. 

RESULTS 

There  was  a  marked  difference  in  effectiveness  between  jumicillin  and 
Terraymycin  in  inhibiting  dental  caries.  In  Table  I,  it  may  be  noted  that 
Terramycin  had  retarded  caries  only  slightly,  whereas  penicillin  was  extremely 
effective. 


T.\ble  I 

Effe('ts  ok  Penk'u.lix  and  Terramycin  on  Dental  Caries 


R.\T  STRAIN 

ANTIBIOTIC 

IN  PIET 

NO.  OK  ANIMALS 

SCRVIVIXO 

experiment 

PER  CENT  OK  I 
R.\TS  WITH 
CARIES  1 

AV.  CARIES  TIME 
(ace  ok  rat 

IN  DAYS) 

Susceptible 

None 

28 

100 

84 

Susceptible 

Penicillin 

28 

0 

>200 

Susceptible 

Terramycin 

27 

100 

.  109 

Resistant 

None 

27 

0 

>200 

•Antibiotics  were  supplied  by  Chas.  Pfizer  &  Company,  Inc.,  Terre  Haute,  Ind. 
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The  baeteriologie  findings  are  sneh  that  a  definite  assoeiation  of  any  group 
of  bacteria  with  the  development  of  caries  is  unwarranted  at  this  time.  As 
seen  in  Table  II,  penicillin  and  Terramycin  reduced  oral  laetobaeillus  counts 
with  e<iual  effectiveness.  Higher  numbers  of  .streptococci  were  recovered  from 
rats  receiving  Terramycin  than  from  those  receiving  penicillin,  especially  when 
brain  heart  infusion  agar  was  used.  However,  higher  streptococcal  counts  were 
obtained  from  caries-resistant  rats.  No  other  differences  in  oral  microtlora 
could  be  detected  between  rats  on  the  penicillin  and  Terramycin  diet  mix¬ 
tures.  Also,  it  may  be  noted  that  both  test  groups  had  slightly  higher  coliform 
counts  and  slightly  lower  total  counts  than  their  littermate  controls. 


T.\bi.e  II 

The  Ekkwts  ok  Pexh’ii.mx  .\xi)  Tekk.\mycix  ox  Certain*  Oral  Microfi.ora 


rat 

AXTIBIOTIC 

LA(TOBA«TI.I,I 

STREPTOCOCCI 

(XH.U'ORMS  “total” 

strain* 

IN*  DIET 

I.BS* 

1  TJA* 

1  ADA*  1 

BHI* 

EMB* 

TGE* 

Susceptible 

None 

2,63.1 

15,028 

84,470 

214,470 

(After  one  week) 
2,020  147,550 

Susceptible 

Penicillin 

101 

1,264 

4,839 

7,177 

32,150 

.33,180 

Susceptible 

Terramycin 

6 

935 

(5,541 

56,255 

27,878 

55,585 

Resistant 

None 

47(5 

1,914 

33,805 

37,125 

9,994 

49,96(5 

Susceptible 

None 

1,252 

11,505 

127,570 

147,.34(5 

(After  five  weeks) 
7,508  154,767 

Susceptible 

Penicillin 

193 

3,046 

7,600 

10,577 

25,967 

5 1 ,633 

Susceptible 

Terra  iiivcin 

100 

4,790 

18,3.36 

(55,154 

29,857 

80,714 

Resistant 

None 

317 

(542 

14(5,038 

182,076 

10,035 

244,615 

Susceptible 

None 

2,324 

39,286 

244,758 

368,808 

(After  ten  weeks) 
12,586  .320,828 

Susceptible 

Penicillin 

177 

2,210 

7,120 

7,5(59 

29,437 

40,267 

Susceptible 

Terramvcin 

246 

9,136 

24,275 

80,959 

.33,204 

98,625 

Resistant 

None 

137 

12,(559 

130,720 

198,400 

15,980 

219,080 

•LBS  =  Lactobacillus-selection  nietlium ;  TJ.\  =  Tomato  juice  agar;  .\D.\  =  .■\zi<ie 
dextrose  agrar ;  BHl  =  Brain  heart  infusion  ag:ar ;  KMB  =  Kosin  methylene  blue  agar;  T<1E  = 
Tryptone  glucose  extract  agar. 


Although  no  attempt  was  made  to  identify  bacteria,  it  was  noted  that  a 
different  type  of  colony  could  be  recognized  on  tomato  juice  agar  among  rats 
receiving  antibiotics.  Instead  of  the  usual  flat,  translucent  colony  with  an 
irregular  edge,  most  of  the  colonies  (between  flO  and  100  per  cent)  tended 
to  be  raised,  opacpie,  and  with  an  entire  edge.  Upon  microscopic  examination, 
these  proved  to  be  cocci  indicating  that  a  streptococcal  rather  than  a  lacto- 
hacillus  count  was  obtained  on  tomato  juice  agar  from  the  rats  receiving  anti¬ 
biotics.  However,  since  the  use  of  both  penicillin  and  Terramycin  resulted  in 
the  same  change  in  the  oral  flora,  this  point  was  not  further  inve.stigated. 

Discrssiox 

The  results  obtained  when  penicillin  was  incorporated  into  the  diet  paral¬ 
lel  those  of  other  investigators.  The  results  obtained  with  Terramycin  are 
somewhat  perplexing.  This  antibiotic  inhibited  lactobacilli  to  the  same  degree 
as  penicillin,  and  streptococci  almost  as  well  as  penicillin,  yet  caries  developed 
in  all  of  the  rats  receiving  Terramycin  with  almost  the  same  rapidity  as  in 
control  rats. 
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A  lo}rieal  explanation  for  these  results  mifiht  he  that  an  or}?anism  involved 
in  the  etioloffv  of  dental  earies  is  inhibited  hy  ]>enieillin  hut  not  by  Terramyein. 
This  eryptic  orffanism  would  reipiire  media  other  than  those  us«‘d  in  this 
study  or  different  teehnies  of  eultivafion  for  its  deteetion.  At  best,  only  a 
small  fraetion  of  the  oral  mieroflora  ean  he  eonsidered  hy  one  group  of  investi¬ 
gators  during  a  single  study. 

These  results  do  not  necessarily  mean  that  laetobacilli  and  other  acidogenic 
bacteria  are  no  longer  of  importance  as  jiossihle  etiologic  agents  in  dental  caries. 
Laetohaeilli  have  been  recovered  consistently  in  larger  numliers  and  with 
greater  frequency  from  caries-susceptible  than  from  caries-resistant  rats.’®'” 
However,  when  resistant  rats  develop  caries,  the  percentage  of  rats  from  which 
lactohaeilli  are  recovered  is  significantly  lower  than  in  .susceptible  rats.*® 
In  this  study,  rats  receiving  Terramyein  also  developed  caries  but  failed 
to  show  as  high  numbers  of  laetobacilli  as  in  the  control  group.  Therefore,  it 
is  jmssible  that  the  microorganism  or  microorganisms  responsible  for  caries 
dei)ends  on  the  nature  of  resistance  offered  by  the  animal.  It  is  conceivable 
that  laetobacilli  may  l)e  re.sponsible  for  caries  in  the  susceptible  rats  when  main¬ 
tained  on  the  unaltered  cariogenic  H.  \V.  ('.  diet.  \Vhen  Terramyein  is  added 
to  this  diet,  another  group  of  organisms  may  initiate  caries.  The  same  or 
another  group  of  organisms  may  be  the  causative  agent  of  dental  earies  in  the 
resistant  rats. 


SUMMARY 

Penicillin  at  a  concentration  of  bOO  units  iH'r  gram  of  feed  effectively 
inhibited  dental  caries  and  several  groups  of  acidogenic  bacteria  usually  asso¬ 
ciated  with  dental  caries.  In  conti*ast,  Terramyein  at  a  concentration  of  0.025 
per  cent  iti  the  feed  retarded  dental  caries  only  slightly  although  the  hacteri- 
ologie  findings  were  (piite  similar  to  those  in  the  penicillin  group.  These 
results  stiggest  that  organi.sms  other  than  those  consideivd  in  this  study  may 
jilay  an  essential  r«)le  in  the  etiology  of  dental  caries  in  these  animals. 
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STUDIES  ON  THE  ACIDURIC  ORAL  MICROCOCCI 

H.  V.  JORDAN,  K.  J.  FITZGERALD,  AND  J.  E.  FABER,  JR. 

Xational  Institute  of  Dental  Kescarch,  National  Institutes  of  Health,  Bethesda,  Md.,  and 
Department  of  Bacteriology,  University  of  Maryland,  College  Park,  Md. 

INTRODUCTION 

A  NUMBER  of  investigators  have  considered  the  oral  inierocoeei  from  the 
standpoint  of  the  possibility  of  their  involvement  in  the  production  of 
dental  caries.’’  *  The  ability  of  some  of  the  oral  micrococci  to  produce  and 
survive  in  substantial  amounts  of  acid  in  carbohydrate  media  was  pointed  out 
by  Flore.stano.-’  Stejihan  and  Hemmens’  and  Stralfors®  have  presented  quan¬ 
titative  data  on  the  rate  and  extent  of  acid  production  from  carbohydrates  by 
certain  oral  micrococci.  Morris'*  concluded  that  the  staphylococci  occur  more 
frequently  in  the  mouths  of  caries-susceptible  individuals  than  in  the  mouths 
of  carie.s-free  individuals  and  that  lactose-fermentiiifr  micrococci  predominate 
in  the  former.  Some  attention  has  also  been  directed  toward  the  jiossible 
l)athoR:enicity  of  these  orf>:anisms.  Siiij^er'  has  attempted  to  correlate  physio- 
lo^ioal  characteristics  and  toxigenic  properties  of  staphylococci  Isolated  from 
saliva.  Using  a  selective  medium,  Singer  was  able  to  isolate  stajibylococci 
from  the  salivas  of  52  of  5)3  individuals  sampled. 

In  the  current  edition  of  Bergey's  Manual’^  all  gram-positive,  catalase¬ 
positive,  aerobic  cocci  are  included  in  the  genus  Micrococcus.  However,  the 
term  Staphylococcus  is  still  commonly  used,  especially  among  clinical  bacteriol¬ 
ogists,  in  referring  to  those  micrococci  having  the  characteristics  of  the  former 
genus  Staphylococcus.  Such  organisms  form  irregular,  grapelike  clusters  of 
cells,  grow  best  at  body  temperature,  and  may  be  actual  or  potential  pathogens. 
It  is  in  this  specialized  sense  that  the  term  “staphylococcus”  is  used  in  this 
jiajier. 

During  the  jierformance  of  routine  .salivary  lactobacillus  counts,  the 
growth  of  micrococci  on  tomato  juice  agar  ])Iates  at  jiH  5.0  has  been  commonly 
observed.  Since  the  ability  to  survive  and  grow  at  this  jiH  level  seemed  to 
dlstingui.sh  such  .strains  from  the  jiathogenic  and  .saprophytic  micrococci  usu¬ 
ally  encountered  in  nature,  the  pre.sent  study  was  undertaken  in  order  to  gain 
additional  information  on  the  acidiiric  oral  micrococci. 

KX  PKR I  .M  K  N  T.\  L  .M  KT 1 1  OD.S 

Paraffin-stimulated  saliva  samples  were  collected  from  59  adults  in  mid¬ 
morning  at  least  2  hours  after  breakfast.  Due-tenth  milliliter  of  a  1  ;5  dilu¬ 
tion  of  the  salivas  in  broth  was  streaked  on  the  surface  of  pH  5.0  tomato  juice 
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apar  plates,  which  were  then  incubated  aerobically  at  37°  C.  for  4  days.  On 
this  medium  micrococcus  colonies  were  prenerally  2  to  4  mm.  in  diameter,  of 
a  creamy  consistency,  raised,  and  with  an  entire  margin.  The  surface  texture 
varied  considerably.  Some  colonies  were  smooth  and  dull,  others  were  finely 
])itted,  and  still  others  presented  a  mulberry-like  appearance.  Pigmentation, 
when  present,  ranged  from  tan  to  golden. 

Colonies  of  gram-positive,  catalase-po.sitive  cocci*  were  purified  by  streak¬ 
ing  on  mannitol  salt  agar.'®  The  pure  strains  were  stored  in  the  refrigerator 
in  .stab  cultures  of  trypticase-soy  agar  (BBL)  and  transferred  monthly.  An 
additional  set  was  .stored  at  -20°  C. 

Pigmentation  (ranging  from  tan  to  golden)  and  gelatinase  production 
were  determined  on  Staphylococcus  medium  110." 

Hemolysin  production  was  tested  in  pour  plates  of  Difeo  brain  heart  in- 
fu.sion  (BHI)  agar  containing  5  per  cent  defibrinated  sheep  blood.  The  blood 
plates  were  incubated  at  37°  C.  for  36  hours  and  refrigerated  overnight  before 
examination  for  hemolysis.  A  repetition  of  this  test  using  rabbit  blood  gave 
essentially  the  same  results. 

Fermentation  reactions  were  determined  in  tubes  of  phenol  red  broth  base 
containing  the  individual  carbohydrates  and  Durham  tubes  to  detect  possible 
gas  production.  Carbohydrates  w'ere  sterilized  routinely  by  filtration  and 
added  aseptically  to  a  final  concentration  of  1  per  cent ;  inulin  was  the  sole 
exception,  being  autoclaved  in  the  medium  for  10  minutes  at  110°  C.  The 
temperature  range  for  optimum  growth  was  determined  by  incubating  BHI 
slants  of  the  strains  in  air  at  20°,  30°,  37°,  and  45°  C. 

('oagula.se  tests  w’ere  performed  on  both  fresh  human  plasma  and  Bacto- 
Coagula.se  plasma  with  comparable  results. 

All  strains  were  screened  for  phosphatase  activity  at  pH  6.0  and  pH  8.7, 
with  disodium  p-nitrophenyl  phosphate  (Sigma)  as  the  substrate,  following 
the  procedure  employed  by  Fitzgerald.'* 

Other  tests  performed  included  nitrate  reduction,  indole  and  H-S  produc¬ 
tion,  urease  activity,  and  utilization  of  urea  or  NH4H..P04  as  sole  source  of 
nitrogen. 

The  inocula  tor  all  te.sts  were  derived  from  24-hour  trypticase-soy  (BBL) 
broth  cultures.  Suitable  controls  were  included  in  all  cases. 

RK.srLTS 

A  total  of  109  .strains  of  gram-positive,  catala.se-positive  aerobic  cocci  were 
isolated  from  .salivas  of  46  »»f  the  59  individuals  sampled.  On  the  basis  of  bio¬ 
chemical  ami  nmrphological  characteristics  the  aciduric  oral  micrococci  were 
sei)arated  intt>  3  gnnips  as  shown  in  Table  1. 

Seventeen  coagulase-positive  strains  of  staphylococci  Isolated  from  14  in¬ 
dividuals  have  been  placed  in  (Jroup  1.  All  of  the  strains  in  this  group  fer¬ 
mented  mannitol,  hydrolyzed  gelatin,  and  reduced  nitrate  to  nitrite.  Sixteen 
of  the  17  strains  were  pigmented  and  13  hemolysed  rabbit  or  sheep  reel  blood 
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colls.  All  i)()s.sessed  i)hosi)hatase  activity  at  pH  (i.O  hut  not  at  pH  8.7.  Stained 
smears  revealed  f?ram-positive,  spherical  cocci,  0.8-1. 0  /t*  in  diameter  arranged 
in  typical  stai)hylococcal  clusters. 

Eighty  strains  of  micrococci,  isolated  from  52  individuals,  were  morpho¬ 
logically  similar  to  those  of  (Iroup  I  hut  diu  not  produce  coagula.se  or,  with  one 
exception,  golden  yellow  pigment.  .Since  they  also  displayed  individual 
differences  in  res|)ouse  to  the  other  hiochemical  tests,  they  have  been  ])laced 
together  in  (Irouj)  11  to  form  a  mi.scellaneous  group  of  “noni)athogeuic”  oral 
micrococci. 

Tabi.e  I 

(’hakactkkistics  ok  AcmrRtc  Microcosm  Isoi.atki)  From  the  Hvmax  Moith 


oRoiTi*  I  oRorc  n  group  m 

(17  STRAINS)  (SO  STRAINS)  (12  STRAINS) 

NO.  POSITIVE  NO.  POSITIVE  NO.  POSITIVE 


( 'oagulH.se 

17 

0 

0 

(told  pigment 

Hi 

1 

0 

Mannitol 

17 

H 

1 

Saliein 

8 

1 

0 

Frueto.se 

17 

80 

!) 

Aeid  pliospliatH.s(‘  (pH  fi.O ) 

17 

7.1 

0 

.\lkaline  pliosi>liatHse  (pH  8.7) 

0 

0 

0 

Gelatinase 

17 

0 

Nitrate  reduction 

17 

67 

11 

V-P  reaction 

T) 

44 

0 

Frease 

5 

rt7 

11 

Ilemolvsis 

l.i 

61 

.1 

Catalase 

17 

80 

12 

Growth  at  45°  C. 

0 

0 

0 

(irowth  at  20°  C. 

scanty 

s<-antv 

scanty 

Opt.  growth  range 

.10  .17°  C. 

.10  .17°  C. 

.10  .17°  C. 

.\v.  final  pH  ghn-ose  (7  davs) 

4..1 

4..1 

4.4 

final  pH  sucrose  (7  days) 

4..1 

4..1 

4.8 

All  fermented :  glucose,  maltose,  glycerol,  sucro.se. 

None  fermented:  arabino.se.  xylose,  rafflnose,  inulin. 

All  strains  negative  in :  indole  production,  starch  hydrolysis.  HsS  production,  growth 
with  NHiH:P04  or  urea  as  .sole  nitrogen  source. 

The  12  strains  which  comprised  fJrou])  TIT  were  isolated  from  10  indi¬ 
viduals  and  could  he  distinguished  from  tho.se  of  the  first  2  groups  on  the 
basis  of  microscopic  ajipearance  of  gram-stained  smears  of  broth  cultures. 
The  cells  of  this  group  were  typically  arranged  in  tetrads  with  the  adjacent 
.sides  of  paired  cells  flattened.  In  addition,  the  size  of  the  individual  cells 
averaged  about  1.5  to  1.7  which  is  larger  than  the  cells  of  (Sroups  1  and  II 
(0.8-1.0  ft).  Although  the  tetrad  arrangement  is  characteristic  of  the  genus 
(inffkxfu,  the  organisms  in  Hroup  III  differ  from  (i.  tetragena,  the  single  aerobic 
member  of  the  genus  recognized  in  Bergey’s  Manual,**  by  the  fact  that  11  of  the  12 
oral  strains  reduced  nitrate  to  nitrite,  a  property  not  possessed  by  G.  tetra¬ 
gena.**’  None  of  the  strains  in  (Iroup  111  pro<luced  coagulase,  acid  phosphatase, 
or  gelatinase.  The  fermentative  powers  of  the  (Jroup  111  organisms  in  glucose 
and  sucro.se  were  not  as  pronounced  as  those  in  the  other  groups.  For  example, 
the  strains  of  (iroup  1  and  Group  11  attainetl  their  maximal  acidity  (pH  4.3) 
from  glucose  or  sucrose  within  48  hours  whereas  the  strains  of  Group  111 
attained  an  acidity  of  pH  4.7  from  glucose  and  pH  5.7  from  sucrose  in  this 
time. 
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Alter  6  months’  storage  in  tryptiease-soy  stabs  at  -20°  C.,  a  number  of  tests 
were  repeated  in  order  to  check  the  biochemical  variability  of  microcoeei  which 
has  Ijcen  commonly  encountered. Forty-eight  strains  selected  as  being 
representative  members  of  the  three  groups  were  tested.  Table  II  shows  that 
19  of  the  48  strains  gained  or  lost  the  ability  to  carry  out  a  given  reaction.  It 
can  be  .seen  that  variability  was  not  confined  to  any  particular  group  nor  was 
there  any  distinguishing  pattern  in  the  changes  which  occurred. 


Table  1 1 

Variability  of  Biochemical  Characterlstics  i.\  Oral  Micrococci 


NEGATIVE  TO  POSITIVE  | 

POSITIVE  TO  NEGATIVE 

C.ROCP 

GROl'P 

PROI’ERTY 

I 

S  .STRAINS 
.STRAIN  # 

II 

.30  STRAINS 
.STRAIN  # 

Ill 

10  STRAINS 
STRAIN  ^ 

I 

S  STRAINS 
i  STRAIN  # 

II  1 

.30  STRAINS 
.STRAIN  # 

Ill 

10  .STRAINS 
STRAIN  # 

Fermpiitation  of : 

Fructose 

— 

— 

71,  IS 

— 

— 

— 

I.4»ctose 

— 

ti,  I0!l 

— 

— 

— 

— 

Mannitol 

— 

8‘l 

— 

— 

7.  S 

— 

Salicin 

Ill 

— 

71 

40 

SI,  06 

— 

Prcxluction  of : 

Pigment 

4!l 

04.  100,  SO 
110 

— 

*h) 

— 

— 

Gclatina.se 

— 

— 

— 

— 

4,  .3S.  SI 
2S,  64 

— 

Urca.se 

— 

— 

— 

6.  115.  :is 

— 

■Vcid  phosphatase 

— 

— 

— 

— 

— 

— 

.\ciil  in  litmus  milk 

— 

107 

— 

— 

s«» 

— 

Kcduction  of  nitrate 

— 

— 

— 

— 

— 

— 

Total  .strain.s  tested:  48.  Numbers  of  strains  showing  variation:  19. 


Table  III 

Acid  Phosthatase  Ai’TIvity  of  Oral  Micrococci 


GROUP  I  (S 

STRAINS)  1 

GROUP  II 

(28  STRAINS) 

pll 

1  AVERAGK 

1  RANGE  1 

AVER.VGE  1 

RANGE 

.3.5 

.164* 

(.097-..320*) 

.024 

(.000.071) 

4.5 

.525 

(.415.714) 

.328 

(.044-.78.3) 

5.1 

.8.31 

(.76:i-.S00) 

.658 

(.024-.8S5) 

«).J 

.75.3 

(.672.831) 

.678 

( .2.30.840 ) 

6.1 

.76S 

(.675-.855) 

.737 

(..325.875) 

6.5 

.740 

t622-.823) 

.627 

(.220.8 13) 

6.S 

.75:! 

(.6.37.850) 

.57;> 

(.253.77.3) 

7.4 

..30S 

(.160-.685) 

.3.34 

(.065.464) 

•Corrected  density  at  4.90  ni<i. 

Conditions:  Inoculum  was  the  centrifuged  ami  washed  cells  of  24-hour  cultures  in  5 

nil.  trypticase-soy  broth ;  fresh  cultures  were  u.sed  at  each  pH  level.  Substrate  was  0.4  mg. 
(lisodium  p-nitrophenyl  phospate  in  3.0  ml.  of  O.l  molar  maleate  buffer :  incubation  time 
60  minutes  at  37®  C. 


In  order  to  obtain  further  information  concerning  the  characteristics  of 
the  phosphatase  activity  of  the  aciduric  miciwocci  8  strains  of  (Jroup  I  and  28 
strains  of  (Iroup  II  were  tested  for  ]>hosphutase  activity  over  the  pi  I  range  51.5 
to  7.4.  A  fresh  24-hour  culture  grown  in  5  ml.  trypticasi'-soy  broth  was  used  as 
inoculum  for  the  test  at  each  pH  level.  The  organisms  were  centrifuged, 
washed  once  with  saline,  and  tested  by  the  method  of  Fitzgerald,'^  in  maleate 
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buftVr  of  the  appropriate  pH.  The  results  are  shown  in  Table  Ill  as  the  average, 
and  range  of,  aetivity  for  representative  strains  of  Group  I  and  II  at  each  pH 
level.  Since  a  fresh  culture  was  used  at  each  pH  level,  strict  comparisons  are 
not  justified;  however,  it  is  evident  that  the  average  acid  phosphatase  aetivity 
varies  with  pH  in  a  similar  manner  for  each  group.  In  addition  the  range  of 
variation  within  groups  at  each  pH  level  as  shown  in  Table  III  makes  it 
apparent  that  a  separation  of  the  oral  mieroeoeei  of  Group  I  and  Group  II 
strains  solely  on  the  ba.sis  of  phosphatase  aetivity  is  not  feasible. 


Fig.  1. — Variation  of  phospliataHc  ai-tivity  with  pH  in  two  oral  micrococcus  strains. 


Shown  in  Fig.  1  are  pH-aetivity  curves  for  a  single  strain  each  of  Group 
I  and  Group  11.  Alass  cultures  of  each  of  the  2  strains  were  grown  for  24  hours 
in  100  ml.  tryptiease-soy  broth.  After  centrifugation  and  washing  in  saline  the 
cells  were  inadt*  into  a  I  per  cent  suspension  by  volume.  Five-tenths  milliliter 
of  this  suspension  was  used  as  inoculum  at  each  pH  level  tested.  As  can  be  seen 
from  Fig.  1  and  Table  111,  the  enzymatic  aetivity  of  lioth  groups  was  mast 
])ronouneed  at  pH  5.0  to  fi.O.  The  strains  of  Group  I  appearetl  to  exhibit 
greater  phosphatase  activity  throughout  the  range  tested;  however,  there  was 
sufficient  variation  with  pll  (Table  111  and  Fig.  1)  to  indicate  the  passibility 
that  more  than  a  single  phosphatasi'  was  prc.sent  in  the.se  organisms.  The  most 
pronounced  difference  between  the  2  groups  was  seen  at  the  lower  end  of  the 
pH  scale  where  the  average  aetivity  of  the  Group  1  strains  was  greater  than 
that  of  the  Groui)  strains. 
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DISCUSSION 

A  nuinliei’  of  different  types  of  mierococei  can  be  isolated  from  hiiinan  saliva 
on  pH  5.0  tomato  juice  a}?ar.  Some  of  these  strains  exhibit  certain  physiolofric 
characteristics  in  common  with  “pathofjenie”  microco<*ci  siicli  as  production  of 
hemolysin,  fermentation  of  mannitol,  and  coafrulase  and  phosphatase  activity.’'’ 

On  the  basis  of  the  current  classification  in  Bergey’s  Manual’*  these  aciduric 
strains  ((Jroup  I)  would  be  considered  as  Micrococcus  pyogenes,  var  albus  or 
car.  aurexis,  depending  on  pigmentation.  At  least  2  other  groups  of  oral  micro¬ 
cocci  may  be  differentiated  from  those  of  (Jroup  I  on  the  basis  of  lack  of  pig¬ 
mentation  and  inability  to  coagulate  pla.sma.  The  members  of  (Jroups  II  and 
III  show  little  homogeneity  in  respect  to  their  comparative  physiological  charac¬ 
teristics  and  cannot  be  identified  by  the  use  of  any  of  the  available  classification 
schemes.  They  have  been  separated  from  each  other  principally  on  the  basis  of 
microscopic  morphology  and  arrangement  of  the  cells.  The  strains  in  (Jroup  II 
like  those  of  (Iroup  I  were  arranged  in  typical  staphylococcal  clusters  of  spheri¬ 
cal  cells  while  those  in  Group  III  were  characteristically  arranged  in  tetrads  in 
which  the  adjoining  .surfaces  of  the  cells  were  fiattened.  None  of  the  members 
of  (Jroup  III  fully  conform  to  the  description  of  the  single  aerobic  spec’ies  in 
the  genus  (laffkya,  G.  tetragena,  recognized  in  Bergey's  Manual,  the  main  differ¬ 
ence  being  the  ability  to  reduce  nitrates.  All  of  the  (Jroup  III  strains  are 
strongly  catalase  positive  even  in  acid  media  and  this  together  with  the  faet 
that  the  jiediococci  do  not  reduce  nitrates  would  also  seem  to  exclude  them  from 
the  genus  Fediococcus  as  presently  defined.’*- 

Studies  on  the  comparative  phosphatase  activity  of  the  oral  micrococci 
assume  .some  additional  significance  in  view  of  the  recent  interest  in  the  use  of 
phosphata.se  tests  as  aids  in  identifying  “pathogenic”  staphylococci.  Using 
phenolphthalein  disphosphate  as  a  substrate  for  cultures  growing  at  pH  7.4-7. 6, 
Barber’'  found  that  coagulase-positive  .staphylococei  were  phosphatase-positive 
within  18  to  24  hours  while  coagulase-negative  strains,  if  able  to  do  so  at  all, 
required  48  hours  or  longer  to  hydrolyze  the  substrate.  White  and  Pickett,’* 
using  nonproliferating  suspensions  of  Micrococcus  pyogenes  in  0.01  ^I  citrate 
buffered  at  jiII  5.6,  showed  that  20  coagulase-positive  .strains  hydrolyzed  diso¬ 
dium  phenyl  phosphate  within  a  4-hour  incubation  perunl  at  37°  U.,  while  13 
eoagula.se-negative  strains  failed  to  do  .so.  On  this  basis  these  workei-s  suggesteil 
the  use  of  the  phosphatase  test  as  a  substitute  for  the  coagulase  test  for  detection 
of  potentially  pathogenic  strains.  With  the  oral  micrococci  tested  in  the  ju’esent 
study  such  a  bilateral  correlation  was  not  found.  While  all  coagula.se-positive 
oral  mierococei  al.so  showed  aci<l-i)hosphatase  activity,  the  convei-se  was  not  true 
as  73  of  the  80  coagulase-m'gative  strains  of  (Jroup  II  were  phasphata.se-posi- 
tive  (Table  I).  When  all  of  the  oral  mierococei  were  retested  for  phosphatase 
activity  at  pH  6.0  using  phenolphthalein  diphosphate  (Sigma)  in  maleate 
buffer,  the  results  were  hlentical  with  tho.se  obtained  with  distHlium  p-nitrophenyl 
phosphate  (Sigma). 

In  a  second  expm’iment  simultaneous  phosphatase  tests  were  run  on  28 
representative  oral  micrm'oecus  strains  to  compare  the  pna-edure  of  White  and 
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Pickett'**  (usiny;  disodiuin  jilicnyl  phosphate  in  citrate  buffer  at  pH  5.6)  and  our 
own  nn'thod  (usinjf  disodiinn  p-nitro]>henyl  phosphate  in  inaleate  buffer  at  pH 
5.6).  A};ain  the  results  were  identical  excejit  for  the  fact  that  in  the  method  of 
White  and  Pickett  an  incubation  period  of  4  houi*s  at  d7°  l\  was  reipiired  to 
demonstrate  activity,  whereas,  when  disodium  p-nitrophenyl  pliosphate  was 
used,  positive  phosphatase  activity  was  demonstrated  in  as  little  as  30  minutes’ 
incubation  at  37°  C.  Both  coagulase-positive  and  coafrulase-nefjative  oral 
micrococci  were  used  in  this  test  and  all  of  the  coa‘;ula.se-i)ositive  strains  were 
positive  by  either  method,  while  some  coajjulase-nejjative  strains  were  positive 
and  .some  nejfative  for  phosphatase  activity.  As  indicated  above,  however, 
both  methods  fjave  identical  results.  This  would  imply,  at  least  as  far  as  the 
oral  mieroeoeci  are  eoneerned,  that  the  phosphatase  test  alone  is  not  a  reliable 
substitute  for  the  eoajjulase  test  for  “  pathofjenic”  mieroeoeei. 

In  view  of  the  feelinj;  of  some  investigators'*'’  **  that  staphylococci  are 
raj)idly  becoming  the  most  important  and  most  common  cause  of  bacterial 
infections,  it  becomes  of  some  importance  to  attempt  to  determine  their  i)revalenee 
and  their  possible  significance  in  the  oral  cavity.  Singer'  has  already  discussed 
some  of  the  characteristics  of  the  oral  staphylococei  which  would  make  them 
l)otentially  important  as  i)rimar>'  invadei*s  or  contributory  agents  in  diverse 
pathological  conditions  in  the  oral  cavity.  Included  among  these  are  the  elalmra- 
tion  of  toxins,  predilection  for  developing  focal  infections,  the  frecjueney  with 
which  these  organisms  occur  in  osteomyelitis  and  root  canal  infections,  and  their 
ability  to  produce  acid,  hydrolyze  proteins,  and  coagulate  plasma.  Added  to 
the.se  considerations  is  the  readiness  with  which  the  mieroeoeei  develop  resistance 
to  antibiotic  agents.**'-** 


Table  IV 

Fkkqi’e.vcy  ok  Isolation  ok  Potentially  Pathooenic  Mickocoi’ci  From  .Saliva  in  Two 

1 N  1»EI*EN  DENT  StC  DI  ES 


SINGER  (1952J  1 

PRESENT  STl’DY 

Isolation  medium 

Staph.  Medium  ^110 

Tomato  .Tuice  .\gar 
(pH  5.0) 

No.  individuals  sampled 

5.3 

59 

Samples  positive  for  stapliylo(*o<*<*i 
Total  strains  isolated 

52 

46* 

89 

97* 

Per  cent  isolates  positive  for: 

(lolden  pigment 

47% 

10% 

( 'oagulase 

18% 

18% 

(ielatinase 

74% 

87% 

Hemolysin 

30% 

70% 

Manniiol  fermentation 

11% 

24% 

Pathogenic t  types: 

Per  cent  of  isolates 

.3% 

10% 

No.  of  individuals  yielding  patho- 

genic  types 

3  (6%) 

14  (24%) 

*Kefers  to  strains  with  the  niorpholoRieal  characteristics  of  staphylococci, 
t According  to  K\ans,*‘  strains  which  produce  golden  pigment,  coagulate  serum,  hydrolyze 
gelatin,  and  ferment  mannitol  are  considered  "pathogenic." 


Singer,^  using  a  selective  medium  {Staphylococcus  medium  #110,  Difeo) 
isolated  .staphylococci  from  the  saliva  of  52  of  53  individuals  sampled.  In  the 
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pi-es(*nt  study  staphylococci  were  isolated  on  pll  5.0  tomato  juice  ajrar  ])latcs 
from  salivas  of  46  of  the  59  individuals  sampled. 

Table  IV  pres«*uts  a  comparison  of  Sinfioi’  s  findinjrs  with  our  results  in 
terms  of  the  freijnency  with  which  potentially  pathogenic  staphylococci  were 
isolated.  The  criteria  used  for  “pathogenicity”  are  those  of  Chapman’*  and 
Evans,**  namely,  those  strains  which  produce  golden  pigment,  are  coagulase- 
positive,  liquefy  gelatin,  and  ferment  mannitol.  The  data  indicate  coagulase- 
positive  mieroeoeci  were  found  with  equal  fre(|uency  (18  per  cent)  in  each  study, 
while  strains  with  all  of  the  almve  physiological  characteristics  of  “pathogenic” 
staphylococci  were  encountered  with  greater  tmiueney  in  the  present  study 
(16  per  cent  compared  to  3  per  cent).  Inasmuch  as  experimental  conditions  in 
the  2  studies  were  not  strictly  comparable,  no  special  significance  is  attached  to 
this  difference.  It  is  clear,  however,  that  at  least  some  of  the  potentially  patho¬ 
genic  micrococci  are  sufficiently  acidurie  in  character  to  survive  and  proliferate 
at  a  pH  level  (pH  5.0)  at  which  most  pathogenic  bacteria  neither  grow  nor 
survive.  The  fact  that  these  microorganisms  were  present  in  the  saliva  of  24 
per  cent  of  the  cases  in  the  present  series  suggests  that  the  oral  cavity  may 
serve  as  a  reservoir  as  well  as  a  route  of  transmission  of  the  staphylococci.  If 
this  surmise  is  true,  the  oral  micrococci  must  be  considered  not  only  from  the 
standpoint  of  oral  infections  but  also  in  the  broader  aspects  of  their  general 
public  health  significance.  Considered  in  this  light,  one  of  the  obvious  implica¬ 
tions  would  be  the  possibility  of  contributing  to  the  development  and  spread  of 
antibiotic-resistant  Micrococcus  pyogenes  strains  by  indiscriminate  use  of  anti¬ 
biotics,  locally  or  systemically,  in  patients  who  may  harbor  potentially  pathogenic 
types  in  their  oral  cavity. 

SrMM.\RY 

A  total  of  109  strains  of  aerobic,  gram-positive,  catalase-positive  mieroeoeci 
were  isolated  from  tomato  juice  agar  (pH  5.0)  plates  from  the  salivas  of  46  of 
59  adults  sampled.  A  study  of  the  biochemical  characteristics  of  these  strains 
revealed  that  16  strains  from  14  individuals  were  typical  Micrococcus  pyogenes 
car.  aureus  (Staph,  aureus)  and  one  strain  was  identified  as  M.  pyogenes  car. 
albus  (Staph,  albus).  All  of  these  strains  ((Iroup  I)  were  coagulase-positive, 
gelatinase-positive,  and  fermented  mannitol.  The  remaining  strains  consisted 
of  a  group  of  80  coagidase-negative  micrococci  (Croup  II)  and  a  group  of  12 
strains  of  phosphatase-negative,  tetrad-forming  micrococci  (Croup  III). 

All  of  the  coagulase-positive  oral  micrococci  (Croup  I)  showed  acid  phos¬ 
phatase  activity  with  disodium  p-nitrophenyl  phosphate,  phenolphthalein 
phosphate,  or  phenyl  phosphate  as  substrates.  Most  of  the  coagulase-negative 
oral  micrococci  of  Croup  II  also  j)os.ses.sed  similar  acid  phosphatast*  activity  for 
these  3  substrates,  which  would  indicate  that  the  phosphatase  test  alone  is  not  a 
reliable  substitute  for  the  eoagulase  test.  None  of  the  micrococci  showed  alkaline 
phosphatase  activity  at  pH  8.7. 

Part  of  this  material  was  taken  from  the  thesis  of  H.  A’.  Jordan,  submitted  to  the 
Department  of  Bacteriology,  University  of  Maryland,  (College  Park,  Maryland,  June,  ll»r>L’, 
in  partial  fulfillment  of  the  requirements  for  the  Master  of  Beienee  degree. 
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INFLI  KNCE  OF  FLUORIDES  ON  THE  RATE  OF  DISSOLUTION  OF 
THE  PRINCIPAL  INORGANIC  ELEMENTS  OF  DENTIN 

GEORGE  W.  BURNETT,  D.D.S.,  Ph.D. 

Dtpartmt  nt  of  Dental  Kescarch,  Army  Medical  Srrt'icc  Graduate  School,  Walter  Heed  Army 
Medical  Center,  Washington,  D.  C. 

THI]  exposure  of  dentin  and  enamel  to  fluorides  decreases  their  solubility 
in  acids,  with  some  fluorides  bein"  more  active  than  others.'**  The  solubility 
of  the  tooth  tissues  usually  has  been  determined  ^ravimetrieally'’  *•  ®  but  this 
method  does  not  measure  the  loss  of  the  individual  inorfjanic  tissue  components 
and  is  not  entirely  satisfaetorj*  for  determining  the  solubility  of  tooth  tissues 
whose  weifiht  is  increased  w'hen  they  are  exposed  to  certain  fluorides.’’  *■ '  Muhler, 
Boyd,  and  Van  Huysen^  determined  the  acid  solubility  of  treated  and  untreated 
powdered  tooth  tissues  by  measuring  the  amount  of  calcium  and  phosphorus 
released  during  short  periods  of  deealeification  with  acetate  buffers.  In  such 
studies  the  total  amount  of  soluble  calcium  and  phosphorus  differed  between 
control  and  treated  tissues.  The  calcium  :phosphorus  ratio  also  differed  between 
treated  tissues  and  between  treated  and  control  ti.ssues,  indicating  that  fluorides 
may  influence  the  rate  of  dissolution  of  the  individual  inorganic  elements  of 
dental  tissues  as  well  as  affecting  the  solubility  of  their  entire  apatite  moiety. 
It  seemed  likely,  therefore,  that  further  investigation  of  the  rate  of  dissolution 
of  calcium,  phosphorus,  magnesium,  and  carbon  dioxide  of  untreated  and  fluo¬ 
ride-treated  dentin  may  indicate  whether  the  elements  were  influenced  individ¬ 
ually  or  whether  the  solubility  of  the  entire  inorganic  molecular  entity  was  af¬ 
fected  by  the  fluoride  ions,  and  thereby  give  some  additional  knowledge  of  the 
action  of  fluorides  upon  dentin.  This  investigation  is  concerned,  therefore, 
with  the  rate  of  dissolution  by  acids  of  calcium,  phosphorus,  magnesium,  and 
carbon  dioxide  from  untreated  and  fluoride-treated  dentin. 

METHODS 

Twelve  sections  of  dentin,  weighing  approximately  1(K)  mg.  each,  were  ob¬ 
tained  from  3  extracted  teeth  whose  history  was  known.  The  sections  were  in¬ 
termingled  into  3  ecpial  groups  and  dried  to  a  constant  weight  at  100°  U.  in 
vacuo  over  calcium  chloride.  The  sections  in  1  giviip  were  immersed  in  dis¬ 
tilled  water  for  6  days,  while  those  in  the  other  2  groups  were  immei’sed  in  2 
j)er  cent  sodium  fluoride  and  2  per  cent  calcium  fluoride,  respectively,  for  6 
days.  After  treatment,  the  dentin  .sections  were  thoroughly  washed  in  dis¬ 
tilled  water  and  again  dried  to  a  constant  weight  at  100°  C.  in  vacuo  over  calcium 
chloride.  Each  of  the  sections  of  the  3  groups  were  then  decalcified  separately 
for  8  hourly  intervals  in  3.2  ml.  of  Mom*  solution*  in  a  Warburg  apparatus  at 
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37°  (.\  and  the  carbon  dioxide  produced  was  measured  by  standard  nianoinotrie 
teehnies.**  The  partially  deealeified  dentin  sections  were  dried  in  vacuo  at  100° 
C.  for  24  hours  between  the  hourly  immersions  in  ^lorse  solution,  thereby  estah- 
lishinj;  the  weight  loss  of  each  of  the  8  decaleifieation  periods.  When  a  de¬ 
calcifying  solution  was  analyzed  just  as  it  was  obtained  from  tbe  Warburg 
flask,  wide  variations  in  phosphorus  were  found  in  different  ali(|Uots  taken  from 
it,  and  magnesium  could  not  be  detected,  presumably  because  of  the  interference 
of  organic  material  in  the  solution.  To  correct  this,  prior  to  analysis  each  de¬ 
calcifying  solution  was  oxidized  with  nitric  acid  while  reducing  it  to  dryness. 
The  dry,  oxidized  sample  was  then  dissolved  in  O.IN  HCl,  from  which  ali(iuots 
were  taken  for  analysis.  There  was  no  reduction  in  the  amount  of  phosphorus 
or  magnesium  by  this  treatment  and  no  interference  with  the  analysis  of  these 
elements.  The  solutions  of  the  oxidized  samples  for  the  hourly  intervals  were 
analyzed  for  calcium,  phosphorus,  and  magnesium  by  the  methods  of  Sobel  and 
Sklersky,’"  Sobel,”  and  Orange  and  Rhein, respectively,  with  slight  modifica¬ 
tions.  Since  the  solution  to  be  analyzed  contained  no  organic  material,  trichloro¬ 
acetic  acid  precipitation  was  omitted  wherever  used  in  the  original  methods. 


RESULTS 

The  rates  of  dissolution  of  the  principal  inorganic  comjmnents  were  til’s! 
determined  at  hourly  intervals  for  water-treated  dentin  (Table  I).  The  amount 


Tabi.k  I 

Tin;  Kate  of  JJissoia'tio.v  of  the  PaixcieAi,  Ixokca.mc  ('onstituents  of  \V.\teu-Tke.\teii 

Dentin 


HOURS  OF 

i»ecai.cifica- 

TION 

% 

WEIGHT 

LOST 

% 

P 

% 

Mg. 

9{- 

CO; 

% 

ELEMENTS 

RECOVERED 

1 

18.5 

,34.8 

17.3 

1.25 

2.84 

56.0 

2 

12.5 

31.9 

12.4 

1.42 

3.40 

57.2 

3 

9.9 

30.8 

1.5.5 

1.47 

3.34 

53.2 

4 

5.9 

36.0 

17.1 

1.51 

5.01 

64.8 

5 

7.2 

36.8 

17.5 

1.24 

4.07 

39.7 

6 

,5.3 

35.7 

17.1 

1.55 

2.78 

67.7 

7 

7.8 

34.6 

17.2 

1..39 

.3.18 

59.5 

8 

10.2 

37.5 

17.3 

2.01 

4.14 

62.7 

M(>aii  and 

Standard 

horror 

9.7  ±  1.5 

34.8  ±  0.82 

16.4  ±  0.61 

1.4810.08 

.3.60  ±  0.27 

57.6  ±  .3.06 

•Decalcifying  agent:  Morse  solution. 


of  the  inorganic  elements  released  during  each  hour  of  decalcification  is  cx- 
pre.s.sed  as  a  percentage  of  the  total  weight  loss.  The  mean  percentage  weight 
loss  of  the  4  dentin  seetions  during  the  8  hours  of  decalcification  by  Morse  solu¬ 
tion  was  9.7  ±  1.5  per  cent,  with  a  tendency  for  more  of  the  tooth  tis.sue  to 
dis.solve  at  the  beginning  of  decaleifieation  than  during  later  stages.  The  rate 
of  dissolution  of  calcium,  pho.sphorus,  magnesium,  and  carbon  dioxide  did  not 
change  significantly  as  decalcification  jirogressed.  Calcium,  phosphorus,  mag¬ 
nesium,  and  carbon  dioxide  averaged  34.8  ±  0.82  per  eent,  16.4  ±  0.61  per  cent, 
1.48  ±  0.08  per  cent,  and  3.60  ±  0.27  per  cent,  respectively,  of  the  total  weight 
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lost  (luriiifr  S  horn's  of  docalcification.  The  total  of  the  inorjranie  elements  re- 
poveml  by  analysis  aeeounted  for  57.6  ±  3.06  per  eent  of  the  weifjht  lost  durin}>: 
deealeiheation. 

Tabi.k  11 

Thk  R.vtios  ok  Various  Ei.k.mknts  Rki.kasko  From  Watkr-Trkatko  Dkxtix  Di’rixo  Decai.ui- 
KicATioN  With  Morse  Solution' 


hours  of 


BECALCIKICATIO.N  | 

ca:P  1 

cat. Mg.  1 

ca:co,  1 

P:Mg. 

1  Mg.:  CO. 

1 

27.8 

12  2 

13.8 

0.44 

2 

2.43 

22.5 

9!3 

8.7 

0.41 

1.99 

20.9 

9.2 

10.5 

0.44 

4 

2.03 

23.8 

7.1 

11.3 

0.30 

5 

2.56 

29.6 

9.0 

14.1 

0.30 

6 

2.18 

23.0 

12.8 

11.0 

0.55 

~ 

2.08 

24.9 

10.8 

12.4 

0.43 

8 

1.94 

18.6 

9.0 

8.6 

0.48 

Mean  ami 
.Standanl  Error 

2.1410.08 

23.81  1.26 

9.9  1  0.66 

11.310.73 

0.41  10.03 

The  ratios  of  the  various  elements  released  from  water-treated  dentin  at 
hourly  intervals  of  deealeifieation  are  shown  in  Table  II.  The  ealeium  :phos- 
phorus  ratios  fluctuated  only  slightly  duriii}?  the  entire  periotl  of  deealeifieation, 
avera^in^  2.14  ±  0.08.  The  ealeium  unajinesium  ratios  were  hijjhe-st,  avera{?in» 
23.8  ±  1.26;  the  ealeium icarbon  dioxide  ratios  averaged  0.9  ±  0.66;  the  average 
of  the  phosphorus  imagnesium  ratios  was  11.3  ±0.73;  the  average  of  the  mag¬ 
nesium  :earhon  dioxide  ratios  was  0.41  ±  0.03. 


Table  III 

The  Rate  ok  Dissolution  ok  the  Principal  Ixoroanic  (’oxstituexts  ok  Calcium 
Fi.uoribe-Treatei)  Dentin* 


HOURS  OK  l>E- 

CALCIKIC.VTION 

% 

WEIOHT 

LOST 

% 

ca 

P 

% 

Mg. 

9{- 

CO; 

9J- 

ELEMENTS 

RECOVEREO 

1 

22.1 

43.8 

11.2 

0.8 

4.2 

59.9 

V) 

14.5 

40.2 

14.4 

1.4 

1.4 

57.4 

3 

7.3 

34.3 

17.4 

1.5 

2.4 

55.6 

4 

4.2 

.35.0 

16.7 

2.6 

— 

54.9 

5 

4.8 

36.2 

17.6 

1.5 

2.7 

56.8 

6 

.*i.5 

34.4 

1 7,5 

1.2 

1.9 

.54.1 

7 

4.2 

33.8 

17.0 

1.8 

1.6 

54.2 

8 

1.5 

.35.0 

17.4 

1.5 

1.3 

55.4 

Mean  and 
Standard 
Krror 

7.8  1  2.5 

36.6  1  1.25 

16.2  1  0.79 

1.5  1  0.18 

2.2  1  0.38 

56.0  ±  0.69 

*l>«‘calcifyinK  agent :  Mor.'re  .solution. 
(-)  =  No  value  obtaineU. 


The  rates  of  tlksolution  of  the  prineiital  inorganic  constituents  of  ealeium 
Huoride-treated  dentin  are  shown  in  Table  111.  The  average  percentage  weight 
lo.st  during  the  8  hours  of  deealeifieation  was  7.8  ±  2.5,  which  was  slightly  le.ss 
than  was  lost  from  the  water-treated  control  dentin,  decalcified  similarly,  (’al- 
eium  fluoride-treated  dentin  lo.st  more  weight  during  the  early  stages  of  de¬ 
ealeifieation  than  it  did  during  the  later  .stages.  More  ealeium  was  released 
during  the  first  .stages  of  deealeifieation  than  was  relea.sed  during  the  later 
stages  but  the  rate  of  release  of  phosphorus  was  somewhat  revei-sed.  There  was 
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no  consistent  change  in  the  rate  of  release  of  inagrnesiuni  or  carbon  dioxide  from 
calcium  fluoride-treated  dentin.  The  total  of  the  inorjianic  elements  recovered 
from  calcium  fluoride-treated  dentin  accounted  for  56.0  ±  0.69  ])er  cent  of  the 
weight  lost  durin"  decalcification. 


Table  IV 

The  Ratios  ok  Various  Elements  Rei.eased  From  Calcium  Fluoride-Treated  Dentin 
During  Decalcification  With  Morse  Solution 


HOURS  OF  DE- 

CALCIFK'ATION 

ca:P 

ca:Mg. 

ca :  CO. 

p:Mg. 

Mg.:  CO, 

1 

;i.39 

55.4 

10.4 

14.1 

0.18 

2 

2.78 

29.5 

29.3 

10.6 

0.99 

ii 

1.64 

2.3.1 

14.4 

11.7 

0.62 

4 

1.95 

13.2 

— 

6.3 

— 

5 

2.00 

24.6 

13.5 

11.9 

0.54 

f) 

2.12 

27.9 

18.1 

14.2 

0.65 

7 

2.01 

18.6 

21.1 

9.4 

1.13 

8 

1.99 

23.6 

26.3 

11.7 

1.11 

Mean  and 
Standard 
Error 

2.23  ±  0.20 

26.9  ±  4.43 

19.0  ±  2.62 

11.2  +  0.90 

0.74  +  0.13 

(-)  —  No  value  obtained. 


The  ratios  of  the  various  elements  released  from  calcium  fluoride-treated 
dentin  at  hourly  intervals  of  decalcification  are  shown  in  Table  IV.  There  was 
more  variation  in  the  ratios  of  the  different  elements  released  from  calcium 
fluoride-treated  dentin  than  there  was  for  the  elements  released  from  water- 
treated  dentin.  Also,  the  ratios  between  calcium  and  iihosphorus  or  calcium 
and  ma}i:nesium  were  relatively  higher  during  the  first  few  houi-s  of  decalcifica¬ 
tion  than  they  were  during  the  later  decalcification  periods,  indicating  that  an 
increased  amount  of  calcium  was  released  at  the  beginning  of  decalcification. 
The  calcium  :carbon  dioxide  ratios  for  the  calcium  fluoride-treated  dentin  were 
consistently  greater  than  those  of  the  water-treated  control  dentin. 


Table  V 

The  Rate  of  Dls.solution  of  the  Principal  Inorganic  Constituents  of  Sodiu.m 
Fluori de-Treated  Dentin* 


hoi:rs  of  de- 

CAL<;iFICATiON 

% 

WEiGIIT 

I.OST 

% 

P 

% 

Mg. 

% 

1  eo. 

% 

ELEMENTS 

RECOVEREil 

1 

1.9 

34.6 

17.4 

1.5 

6.5 

60.0 

2 

1.3 

.32.1 

16.9 

1.7 

1.7 

52.5 

3 

1.6 

29.7 

19.3 

1.7 

4.2 

54.9 

4 

1.3 

37.9 

21.4 

— 

3.7 

— 

;> 

1.2 

35.3 

16.5 

1.3 

— 

53.3 

6 

1.5 

33.2 

16.5 

1.4 

2.4 

54.5 

7 

1.3 

36.5 

18.5 

2.1 

1.6 

52.5 

8 

1.1 

42.1 

18.2 

2.0 

2.4 

62.5 

Mean  and 
Standard 
Error 

1.4  ±  0.08 

35.2  ±  1.34 

18.1  ±  0.59 

1.7  ±  0.11 

3.2  ±  0.67 

55.7  ±  1.48 

•Decalcifying  agent:  Morae  Hululiun. 
(-)  =  No  value  obtained. 


The  rates  of  dissolution  of  the  princijial  inorganic  constituents  of  sodium 
fluoride-treated  dentin  are  shown  in  Table  V.  The  rate  of  decalcification  of 
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sodium  fluoride-treated  dentin  was  very  slow  in  comparison  to  that  of  water- 
treated  or  calcium  fluoride-treated  dentin,  but  the  relative  amounts  of  the  in- 
orfianic  elements  released  from  sodium  fluoride-treated  dentin  did  not  differ 
greatly  from  those  released  from  water-treated  control  dentin  or  calcium  flu- 
oridc-treated  dentin.  Of  the  total  weight  lost  during  decalcification,  55.7  ±  1.48 
per  cent  was  accounted  for  in  the  calcium,  phosphorus,  magnesium,  and  carbon 
dioxide  recovered  during  the  decalcification  of  sodium  fluoride-treated  dentin. 

The  ratios  of  the  various  elements  released  from  sodium  fluoride-treated 
dentin  are  shown  in  Table  VI.  Both  the  mean  calcium  :phosphorus  ratio  and 
the  mean  phosphorus  :magnesium.  ratio  were  less  than  those  of  either  water- 
treated  control  dentin  or  calcium  fluoride-treated  dentin.  Considerable  varia¬ 
tion  was  found  from  hour  to  hour  in  the  calcium  icarbon  dioxide  ratio  and  in 
the  phosphorus  imagnesium  ratio  of  the  decalcifying  solution  of  swlium  fluoride- 
treated  dentin. 


Table  VI 

The  Ratios  ok  Variocs  Elements  Released  From  Sodicm  Fluoride-Treated  Dentin 
During  Decalcification  With  Morse  Solution 


HOURS  OF  DE- 

CALriFK'ATION 

<’a:P 

ra:Mg. 

ca:<'0. 

P:Mg. 

Mg.:  CO; 

1 

1.99 

2.3.2 

5..3 

2.6 

0.22 

2 

1.89 

18..3 

18..3 

9.6 

1.00 

1.54 

17..3 

7.0 

4.5 

0.40 

4 

1.77 

— 

10.1 

5.7 

— 

5 

2.14 

26.7 

— 

— 

— 

« 

2.02 

2.3.4 

14.0 

6.9 

0.60 

7 

1.98 

17.5 

22.0 

11.1 

1.25 

s 

2  ;^2 

20.6 

17.9 

7.7 

0.86 

Moan  and 
Standard 
Error 

1.95  ±  0.08 

21  0  ±  1.34 

13.5  ±  2.36 

6.8  ±  1.14 

0.72  ±  0.15 

(-)  =  No  value  obtained. 


DISCISSION 

In  this  study  data  were  obtained  which  partially  defines  the  relationship 
of  the  rate  of  dis.solution  of  the  principal  inorganic  constituents  of  control  and 
fluoride-treated  dentin  to  each  other  and  to  total  weight  lost  during  decalcifica¬ 
tion.  These  results  indicate  that  while  the  amount  of  calcium,  phosphorus, 
magnesium,  and  carbon  dioxide  recovered  from  the  decalcifying  solution  does 
not  account  for  the  total  weight  lost  from  the  tissues,  the  amount  of  the  ele¬ 
ments  recovered  is  relatively  constant  for  both  untreated  and  fluoride-treated 
dentin  and  that  the  total  weight  lost  is  a  fair  indicator  of  tissue  solubility.  In 
fact,  total  weight  loss  is  probably  a  better  indicator  of  solubility  than  is  the 
determination  of  the  rate  of  release  of  any  one  of  the  elements  or  even  In'tter 
than  the  determination  of  a  combination  of  any  2  elements.  Even  when  deter¬ 
mining  the  rate  of  release  of  a  combination  of  2  elements,  discrepancies  may 
arise  during  short  periods  of  decalcification  or  between  their  rates  of  release 
during  early  or  late  decalcification  or  wiien  the  tissues  are  treated  with  different 
ions  prior  to  decalcification.  Therefore,  determination  of  over-all  weight  changes 
during  decalcification  is  perhaps  as  good  a  method  for  measuring  the  solubility 
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of  dental  tissues  as  is  the  determination  of  the  rates  of  release  of  all  of  their 
principal  inorganic  constituents  (calcium,  phosphorus,  magnesium,  and  carbon 
dioxide). 

The  data  for  the  rate  of  removal  of  the  elements  during  decalcification  shown 
that  the  calcium  :phosphorus  ratio  of  water-  and  fluoride-treated  dentin  remains 
relatively  constant.  The  dentin  treated  with  calcium  fluoride  is  a  pos.sihle  ex¬ 
ception,  for  it  may  be  that  its  calcium  is  more  labile  than  that  of  untreated 
dentin.  Since  there  is  no  increased  loss  of  calcium  during  early  decalcification 
of  sodium  fluoride-treated  dentin,  it  is  more  likely  that  the  labile  calcium  of 
calcium  fluoride-treated  dentin  is  absorbed  or  adsorbed  onto  it  during  treatment. 

Several  other  differences  are  to  be  found  in  the  ratios  of  the  solubilized  ele¬ 
ments  of  water-  and  fluoride-treated  dentin,  the  significance  of  which  is  not 
known.  F’or  instance,  the  mean  phosphorus  nnagnesium  ratio  of  sodium  fluoride- 
treated  dentin  is  different  from  that  of  the  mean  calcium  fluoride-treated  or 
control  dentin,  and  the  magnesium  :carbon  dioxide  ratio  of  control  dentin  is 
different  from  that  of  either  type  of  fluoride-treated  dentin. 

In  spite  of  some  differences  in  the  rate  of  solubilization  of  the  principal 
inorganic  constituents  of  dentin  in  acid,  it  would  appear  that  its  treatment 
with  fluorides  affects  the  solubility  of  the  molecular  moiety,  rather  than  af¬ 
fecting  some  particular  element  or  part.  The  use  of  a  calcium  fluoride  salt 
does  influence  the  rate  of  dissolution  of  dentinal  calcium  during  decalcification 
in  comparison  to  that  of  phosphorus,  but  this  action  does  not  appear  to  be 
caused  by  the  fluoride  ion. 

SUMM.VRY 

The  rate  of  dissolution  by  Morse  solution  of  calcium,  phos])horus,  mag¬ 
nesium,  and  carbon  dioxide  of  human  dentin  treated  with  distilled  water,  cal¬ 
cium  fluoride,  or  sodium  fluoride  was  determined  at  the  end  of  8  consecutive 
hourly  intervals.  The  amount  of  the  above  elements  recovered  accounted  for 
from  55  to  57  per  cent  of  the  total  w'eight  lost  during  decalcification  and  under 
the  conditions  of  these  experiments  seems  to  be  a  fair  indicator  of  solubility. 
The  ratio  between  calcium  and  phosphorus  remained  relatively  constant  during 
decalcification  of  the  different  types  of  dentin,  except  that  treatment  of  dentin 
with  calcium  fluoride  resulted  in  an  early  increased  release  of  calcium  during 
decalcification.  Some  variations  \vere  found  in  the  ])hosphorus  nnagnesiuni 
ratio  and  in  the  magnesium  icarbon  dioxide  ratio  of  the  decalcifying  solutions 
of  the  different  types  of  dentin. 

I  wish  to  acknowledge  the  able  technical  assistance  of  Pfc.  Harlan  Edge. 
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THE  DISTRIBUTION  OF  FLUORIDE  IN  HUMAN  ENAMEL 
FINN  BRUDEVOLD,  DWIGHT  E.  GARDNER,  AND  FRANK  A.  SMITH 

Eastman  Dental  Dispensary  and  University  of  Koehester  Atomie  Energy  Project, 

Kochester,  N.  F. 

IN  A  recent  review,  it  was  eoneluded  that  the  mechanism  of  action  of  fluoride 
in  reducing  dental  caries  was  its  solubility-reducing  effect  on  enamel.' 
Although  this  theorj’  is  supported  by  considerable  laboratory  evidence,  it  is 
contradicted  by  the  observation  of  Volker^  that  mottled  enamel  is  as  soluble 
as  normal  enamel.  Mottled  teeth  are  caries  resistant,  and  yet  it  was  concluded 
that  the  fluoride  content  in  the  enamel  of  these  teeth  was  insufficient  to  reduce 
the  solubility.  A  reconciliation  of  Volker’s  finding  with  the  above  theorj'  is 
only  pos.sible  if  the  fluoride  is  unevenly  distributed,  that  is,  if  it  occurs  in 
the  outer  enamel  in  concentrations  capable  of  reducing  the  solubility.  The 
purpose  of  the  present  study  was  to  observe  the  distribution  of  fluoride  in  the 
enamel  with  the  hope  that  a  better  understanding  of  its  caries-reducing 
effect  might  be  attained. 

REVIEW  OF  LITERATURE 

Only  two  investigators  have  been  interested  in  fluoride  distribution  within 
the  enamel.  Schmid®  found  slightly  more  fluoride  deposited  in  the  outer  than 
in  the  inner  part  of  the  enamel.  Jenkins'  found  no  difference  between  the 
fluoride  content  of  the  surface  enamel  and  the  rest  of  the  enamel  in  deciduous 
teeth.  However,  in  both  unerupted  and  erupted  permanent  teeth  he  found 
at  least  five  times  more  fluoride  in  the  superficial  fraction  than  in  the  remaining 
part  of  the  enamel.®  This  last  observation  suggests  that  fluoride  may  accumulate 
in  the  outer  enamel  prior  to  eruption. 

In  addition  to  these  findings  there  is  a  mass  of  evidence  showing  that 
fluoride  is  taken  up  by  the  external  enamel.  This  is  brought  out  by  studies 
with  radioactive  fluoride,®’  ’’’  ®  with  electron  microscopy,®’ '®’  "  and  by  chemical 
determination  of  increased  fluoride  content  of  enamel  after  exposure  to 
fluoride.®’  '®’  '®’  ”  It  is  outside  the  scope  of  the  present  report  to  review 

all  these  studies  and  the  additional  evidence  of  uptake  provided  by  clinical 
investigations.  But  the  fact,  demonstrated  by  radioactive  fluoride,  that  the 
uptake  is  confined  to  the  surface  enameB’  ®  together  w’ith  all  the  other  evidence 
of  fluoride  uptake,  strongly  suggests  that  high  concentrations  of  fluoride  may 
be  found  in  the  outermost  part  of  the  enamel. 

This  work  was  supported  in  part  by  the  Bristol  Myers  Company  and  in  part  by  contract 
with  the  l’nite<i  States  Atomic  Energy  Commission  at  the  University  of  Rochester  Atomic 
Energy  Project,  Rochester,  N.  Y. 

Received  for  publication  Jan.  3,  1955. 


420 


Volume  3? 
Number  3 


DISTRIBUTION  OF  FLUORIDE  IN  HUMAN  ENAMEL 


421 


Although  it  may  be  assumed  from  the  literature  reviewed  that  greater 
amounts  of  fluoride  occur  in  the  outer  than  in  the  inner  part  of  the  enamel, 
detailed  information  about  its  distribution  is  lacking.  In  planning  the  present 
study,  it  was  decided  to  determine  the  concentration  of  fluoride  in  several 
successive  layers  of  enamel  from  both  unerupted  and  eruiited  teeth  of  different 
ages.  Deciduous  teeth  were  included  because  it  was  considered  desirable  to 
check  the  finding  that  fluoride  appears  to  be  evenly  distributed  in  these  teeth. 
A  group  of  teeth  with  mottled  enamel  was  also  studied  in  order  to  demonstrate 
the  effect  of  high  fluoride  intake  on  the  distribution  of  fluoride  in  the  enamel. 

TOOTH  MATERI.\L  AND  METHOD  OF  OBTAININO  ENAMEL  SAMPLES 

Teeth  collected  from  exodontists  in  Rochester,  New  York,  included  decidu¬ 
ous  teeth,  unerupted  teeth,  and  erupted  teeth  which  were  divided  according 
to  age  in  the  groups:  under  20,  20  to  29,  30  to  49,  and  over  50  years  of  age. 
Because  1  ppm  of  fluoride  had  been  added  to  the  Rochester  drinking  water  1 
year  prior  to  this  work,  it  was  felt  that  data  on  unerupted  teeth  from  a  non¬ 
fluoride  area  would  also  be  desirable.  Therefore,  unerupted  teeth  from  Buffalo, 
New  York,  where  the  drinking  water  contains  0.1  ppm  of  fluoride,  were  included. 
Since  a  number  of  these  teeth  had  incompletely  formed  roots,  they  were 
divided  in  2  groups  according  to  their  development.  In  addition,  mottled  teeth 
of  unknown  age  were  obtained  from  a  high  fluoride  area  in  Texas. 

Since  we  were  interested  in  the  presence  of  lead,  copper,  and  tin  as  well 
as  fluoride,  sufficiently  large  samples  of  enamel  were  collected  to  permit  de¬ 
termination  of  all  these  elements.  This  was  only  possible  by  pooling  samples 
from  several  teeth.  Therefore,  all  teeth  which  were  available  were  included 
with  the  result  that  the  number  of  teeth  and  the  distribution  of  tooth  types 
in  the  different  groups  varied  considerably.  Table  I  gives  a  breakdown  of 
the  types  and  number  of  teeth  included  in  the  study.  The  ratio  of  carious  to 
noncarious  teeth  also  varied,  with  the  greatest  number  of  carious  teeth  occurring 
in  the  under-20-yeai‘s-of-age  group. 


Table  I 

DisTRiBxmoN  or  Teeth  in  Groups  Studied 


1  UNERUPTED  | 

ERUPTED 

Hit  1 

UNDER  1 

20-29  1 

30-49 

OVER 

I* 

lit 

20  YR.  1 

YR. 

YR. 

50  YR. 

MOm.ED^ 

Anteriors 

0 

4 

2 

28 

45 

78 

54 

0 

Bicuspids 

1 

4 

1 

17 

19 

28 

24 

2 

Molars 

28 

55 

32 

12 

42 

41 

26 

17 

Total 

29 

63 

35 

57 

106 

147 

104 

19 

•Not  fully  formed  from  Buffalo,  N.  Y. 
tFully  formed  from  Buffalo,  N.  Y. 
tbAilly  formed  from  Rochester,  N.  Y. 
5Age  unknown. 


Before  use,  the  teeth  were  stored  on  aluminum  trays  in  bottles  containing 
cotton  saturated  with  water  and  thymol.  This  procedure  prevented  the  teeth 
from  drying  out  and  minimized  bacterial  growth  without  exposing  the  teeth 
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directly  to  the  jireservative.  Dental  restorations  and  carious  material  were 
removed  with  a  bur,  and  the  teeth  were  cleaned  by  fjc'iitlc  hrushini?  with  pumice 
and  distilled  water. 

Samples  of  successive  layers  of  enamel  were  ohtaiiusl  by  jjrindinj;  with 
a  diamond  stone.  The  ground  enamel  was  collected  in  a  porcelain  crucible 
filter  by  means  of  suction,  a  procedure  which  reduced  the  loss  of  enamel  during 
grinding  to  a  minimum.  The  thinnest  layers  mechanically  obtainable  were 
ground  from  the  outer  surface  in  order  to  provide  detailed  information  about 
the  composition  of  this  part  of  the  enamel.  B’our  to  9  successive  layers  were 
collected  from  each  group  of  teeth.  Therefore,  in  some  groups  only  the  outer 
part  of  the  enamel  was  studied,  while  in  others  most  of  the  enamel  was  included. 

Table  II 

Weights  in  Milligrams  ok  Ground  Samples  of  Succes-sive  Layers  of  Enamel 

i  UN ERUPTED  i  ERUPTED 


LAYER 

NO. 

I* 

lit 

nit 

20-29 

.30-39  1 

OVER 

50 

MOTTLED 

1 

28.3 

468 

168 

.320 

479 

337 

*> 

402 

462 

184 

.370 

615 

634 

370 

551 

a 

400 

45 1 

286 

587 

835 

568 

294 

.36.3 

4 

.322 

526 

.319 

472 

6.30 

655 

.31.3 

.380 

5 

505 

727 

1,643 

715 

420 

(i 

687 

1,044 

1,076 

592 

7 

750 

.3,1 46  J 

1,39111 

440 

8 

841 

2,789$ 

470 

9 

689 

2,117$ 

442 

Surfact' 

Score  in 

the  Different  (Sroupn  of  Teeth 

65 

1.30 

69 

79 

160 

210 

150 

40 

•Not  fully  formed  from  Huffalo,  N.  Y. 

tFully  formed  from  Huffalo.  N.  Y. 

t  Fully  formed  from  Roche.ster,  N.  Y. 

§69  Teeth  included;  surface  score  129. 

II 75  Teeth  included;  surface  score  108. 

The  weights  of  the  ground  samples  are  given  in  Table  11.  The  first  two 
layers  generally  weigh  less  than  subsequent  layers.  The  thickness  of  the  outer 

layers  was  calculated  to  be  thinner  than  0.05  mm.  in  all  groups  excejit  that  of 

the  mottled  teeth.  From  these  teeth,  which  were  few  in  number,  deeper  layers 
had  to  be  obtained  to  provide  enough  enamel  for  chemical  analysis. 

The  data  obtained  on  numerically  equivalent  layers  in  the  different  groups 
were  not  necessarily  comparable  because  it  was  impossible  to  control  exactly 
the  thickness  of  enamel  ground  off  in  a  single  grinding.  Since  such  a  com¬ 
parison  was  desired,  it  was  neces.sary  to  consider  the  thickness  of  the  enamel 
layers  ground  from  different  groups  of  teeth. 

No  exact  method  was  available  for  measuring  the  thickness,  but  an  ap- 

jiroximate  estimation  was  obtained  by  dividing  the  weight  of  each  sample 

with  the  surface  area  of  the  teeth  from  which  the  sample  was  ground.  The 
surface  area  was  estimated  as  accurately  as  possible  by  giving  each  tooth  a 
score  ranging  from  1.0  to  2.5,  according  to  the  size  of  the  surface  and  adding 
the  scores  for  each  group.  The  total  surface  score  for  each  group  of  teeth  is 
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given  at  the  bottom  of  Table  II  and  the  calculated  score  of  thickness  of  the 
ground  layers  of  enamel  is  tabulated  in  Table  III.  In  evaluating  the  data,  the 
fluoride  concentrations  of  successive  layers  were  plotted  against  the  cumulative 
value  of  these  scores  which  is  equivalent  to  their  depth. 

Table  III 

Thickness  Score  of  Layers  Grocnd  From  the  Different  Grocps  of  Teeth 


UN ERUPTED  | 

ERUPTED 

layer 

UNDER 

OVER 

NO. 

I* 

lit 

Hit 

20 

20-29 

30.39 

50 

MOTTLED 

1 

4.3 

3.6 

2.4 

3.3 

3.0 

2.7 

8.4 

<> 

6.2 

3.6 

2.6 

3.9 

.3.8 

3.0 

2.5 

11.6 

3 

6.2 

3.5 

4.1 

6.1 

5.2 

2.7 

2.0 

9.0 

4 

4.9 

4.1 

4.6 

4.9 

3.9 

3.1 

2.1 

9.5 

5 

7.2 

7.6 

10.2 

4.8 

10.4 

1) 

9.8 

6.5 

.3.8 

14.8 

7 

10.7 

25.0 

7.1 

11.0 

s 

12.0 

12.9 

11.7 

9 

8.9 

17.0 

11.0 

•Not  fully  formed  from  Buffalo.  N.  Y. 
tFully  formed  from  Buffalo.  N.  Y. 
tKully  formed  from  Rochester,  N.  Y. 

METHOD  OF  FLUORINE  DETERMINATION 

For  determination  of  fluorine,  the  enamel  was  ashed  in  nickel  dishes  at 
575°  C.,  and  the  fluoride  separated  by  the  distillation  method  of  \Yillard  and 
Winter.'**  The  fluoride  content  of  the  distillate  was  determined  by  a  titration 
method.'** 


Table  IV 

Concentration  of  Fluorine  in  Parts  Per  Million  of 

Enamel 


Ash  in  Successive  Layers  of 


layer  decidu- 


unerupted 


NO.  1 

ous 

I* 

lit 

Hit 

20 

20-29 

.30-39 

50 

MOTTLED# 

1 

448 

.331 

528 

847 

571 

1,205 

1,070 

1,247 

1,859 

2 

126 

101 

232 

.391 

269 

5.31 

55.3 

667 

754 

.3 

43 

57 

150 

201 

112 

324 

.368 

404 

470 

4 

56 

33 

96 

172 

90 

233 

249 

.315 

372 

5 

88 

48 

180 

176 

328 

6 

64 

77 

147 

261 

7 

40 

67 

97 

233 

8 

26 

77 

58 

228 

9 

32 

105 

228 

•Not  fully  formed  from  Buffalo,  N.  Y. 
tFully  formed  from  Buffalo,  N.  Y. 
tFully  formed  from  Rochester,  N.  Y. 
LAge  unknown. 


RESULTS 

The  fluoride  concentration  found  in  the  successive  enamel  layers  of  the 
different  groups  of  teeth  is  given  in  Table  IV.  In  all  groups,  a  high  con¬ 
centration  was  found  in  the  external  enamel.  The  level  of  fluoride  in  the 
outermost  layer  was  sometimes  10  times  greater  than  the  concentration  of 
fluoride  rejiorted  for  whole  enamel  in  the  literature.  The  lowest  fluoride  con¬ 
centration  found  in  the  external  layer  was  331  ppm  and  occurred  in  the 
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unerupted,  not  full}*  formed  teetli  from  Buffalo.  Tlie  surface  enamel  of  fully 
formed  unerupted  teeth  from  Buffalo  was  higher  in  fluoride,  528  ppm,  and 
still  hiifher  were  the  unerupted  teeth  from  lioehester,  with  847  ppm.  The 
outer  layer  in  nonfluorosed  erupted  teeth  raufred  from  448  ppm  in  deciduous 
teeth  to  1,247  ppm  in  the  over  50  years’  jrroup.  Of  the  i)ermanent  teeth  the 
under  20  years’  grroui)  had  the  lowest  fifjure,  571  ])pm.  As  could  be  e.xpeeted, 
the  hi»he.st  value,  1,859  ppm,  was  found  in  the  mottled  teeth. 


FiB.  1. 

There  is  a  steady  decrease  in  the  fluoride  concentration  from  the  surface 
inward  in  all  groups  of  teeth.  Complete  data  are  not  available  on  all  the 
teeth,  but  the  findings  bear  out  the  fact  that  the  fluoride  concentration  decreases 
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with  inoreasiiifr  enamel  depth,  until  a  level  is  reached  where  the  concentration 
remains  fairly  constant.  In  the  unerupted,  fully  formed  Rochester  teeth,  the 
concentration  in  this  inner  portion  appears  to  be  somewhere  between  30  and 
60  ppm.  In  mottled  enamel,  the  corresi)ondin«;  concentration  was  240  ppm  or 
approximately  4  times  greater  than  that  of  normal  enamel. 

An  increase  can  be  noted  in  the  fluoride  concentration  of  the  fourth  layer 
in  the  deciduous  teeth  and  in  the  ninth  layer  in  the  20  to  29  years’  »roup. 
It  is  not  known  whether  this  represents  a  real  increase  in  fluoride  in  the  enamel 
toward  the  dentinoenamel  junction,  or  whether  the  last  samples  became  con¬ 
taminated  with  dentin,  which  is  known  to  contain  more  fluoride  than  enamel. 

The  fluoride  values  found  in  the  dift'erent  ‘rroui)s  indicate  a  greneral  in¬ 
crease  in  the  concentration  with  a^e  both  in  the  unerupted  and  erupted  teeth. 
However,  as  has  already  been  pointed  out,  a  comi)arison  of  these  data  is  not 
neccs.sarily  valid  because  of  the  different  thicknesses  of  the  various  enamel 
layers.  For  this  reason,  the  fluoride  concentration  of  successive  layers  was 
plotted  afjainst  the  derived  cumulative  thickness  or  distance  from  the  surface 
inward  of  these  layers  (Table  III).  The  resultiu"  curves,  which  make  a  com¬ 
parison  po.s.sible,  are  shown  in  Fijr.  1.  These  curves  represent  the  distribution 
of  fluoride  from  the  surface  inward  in  the  enamel  of  the  different  croups  of 
teeth  as  accurately  as  our  methods  i)ermit.  There  appears  to  be  a  conspicuous 
build-up  of  fluoride  in  the  outer  enamel  of  unerupted  teeth  as  shown  by  the 
difference  in  the  curves  of  incompletely  formed  and  fully  formed  teeth.  The 
pattern  of  distribution  is  surprisingrly  similar  in  all  the  teeth  from  Rochester. 
There  appears  to  be  some  increase  in  fluoride  concentration  with  a^e  in  the 
outer  layer  of  the  enamel,  but  in  the  bulk  of  the  enamel,  the  level  is  about  the 
same  in  all  age  ffroups,  .sug^e.stinjf  no  change  in  this  part  of  the  enamel.  The 
20  to  29  years’  group  shows  somewhat  higher  concentrations  than  the  other 
groups.  It  is  possible  that  some  teeth  in  this  group  came  from  persons  who 
at  one  time  lived  in  high  fluoride  areas;  the  history  of  the  individual  teeth  was 
unknown. 

The  curve  of  the  data  from  the  mottled  teeth  is  outstandingly  different 
ill  that  it  shows  a  much  higher  concentration  of  fluoride  at  any  distance  from 
the  surface  than  was  found  for  normal  teeth.  The  curve  is  somewhat  flatter, 
indicating  that  the  verj*  high  concentrations  of  fluoride  which  are  present  only 
in  the  outermost  layer  of  normal  teeth  extend  further  into  the  enamel  of 
mottled  teeth. 

Differences  in  fluoride  distribution  among  the  various  groups  of  teeth  are 
more  clearly  .shown  in  Fig.  2,  where  the  logarithm  of  the  fluoride  concentrations 
is  jilotted  against  the  derived  distance  from  the  surface.  It  is  jiossible  to 
estimate  the  fluoride  concentration  in  the  outer  molecular  layers  of  the  enamel 
by  extraiiolating  the  curves  of  Fig.  2  to  the  points  where  they  cross  the  ordinate. 
The  extrapolated  concentrations  (as  ppm  F)  apjiroximate  a  fluoride  concen¬ 
tration  of  1  per  cent  for  the  teeth  of  each  group.  If  fluorapatite  is  assumed 
to  contain  about  3.6  per  cent  fluoride,  it  appears  that  the  enamel  surface  is 
approximately  one-fourth  saturated  with  respect  to  fluoride,  regardless  of  age. 
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Rathje,*®  in  studies  on  the  solubility  of  hydroxylapatite-fluorapatite  mixtures, 
has  shown  that  the  least  soluble  mixture  is  that  one  containing;  20  per  cent  of 
fluorapatite.  The  fluoride  concentration  of  this  mixture  approximates  0.7  per 
cent  which  agrees  well  with  the  concentration  estimated  from  our  data  for  the 
outermost  enamel  layer. 


DISCUSSION 

Our  findings  are  in  agreement  with  Jenkins’  observation  that  the  concen¬ 
tration  of  fluoride  is  greater  in  the  surface  layer  than  in  the  remainder  of 
the  enamel,  in  both  erupted  and  unerupted  teeth.  Contrary  to  Jenkins,  we  also 
found  an  accumulation  of  fluoride  in  the  outer  enamel  of  deciduous  teeth.  From 
our  data,  it  appears  that  fluoride  deposition  in  the  enamel  may  be  considered 
to  take  place  in  3  stages: 

1.  Small  amounts  are  dejiosited  throughout  the  enamel  matrix  during  the 
period  of  calcification. 

2.  After  calcification  is  comjileted,  the  bulk  of  the  enamel  loses  contact  with 
the  tissue  fluids  and,  as  a  result,  the  fluoride  acquisition  from  tissue  fluids  is 
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limited  to  the  external  surface.  This  part  of  the  enamel  continues  to  pick  up 
fluoride  until  eruption,  and  it  is  likely  that  the  outer  ciystal  layers  of  the 
enamel  may  reach  a  high  degree  of  fluoride  saturation  in  the  pre-emptive 
period,  provided  the  fluoride  level  is  high  enough  and  the  period  between  tooth 
formation  and  eruption  is  suflHeiently  prolonged. 

3.  Our  data  also  suggest  that  fluoride  uptake  may  continue  after  eruption, 
but  this  uptake  is  also  confined  to  the  external  part  of  the  enamel.  There  is 
no  evidence  that  appreciable  amounts  of  fluoride  will  penetrate  more  than  O.l 
mm.  into  intact  enamel  in  the  pre-emptive  or  posteruptive  period. 

Tn  all  groups  of  teeth,  the  fluoride  concentration  in  the  outer  crv’stal 
layei’s  of  the  enamel  appears  to  be  approaching  the  1  per  cent  level.  It  is 
likely  that  this  concentration  represents  the  saturation  point  under  physiological 
conditions  and  that  it  is  reached  relatively  early  in  the  life  span  of  a  tooth 
by  the  surfaces  which  are  in  intimate  contact  with  tissue  fluids.  Continued  in¬ 
crease  in  fluoride  content  of  the  enamel  apparently  takes  place,  not  by  further 
increase  in  the  concentration  of  the  outer  crystal  layer,  but  by  a  movement 
of  fluoride  ions  in  depth  from  highly  saturated  to  less  saturated  cr\’stallites. 
In  this  way,  a  slow  but  gradual  thickening  of  the  saturated  outer  enamel  layer 
may  occur  with  age. 

It  is  likely  that  the  caries-inhibiting  effect  of  fluoride  is  as.sociated  with  the 
high  concentrations  in  the  surface  and  that  the  lower  levels  of  fluorine  in  the 
subsurface  enamel  provide  little  protection.  This  concept  is  supported  by 
studies  concerned  with  the  effect  of  fluoride  on  enamel  solubility  and  on  bacterial 
growth. 

As  already  mentioned,  Volker  found  no  difference  in  the  solubility  of 
normal  and  mottled  imwdered  human  enamel  and  concluded  that  the  presence 
of  fluoride  in  large  amounts  may  decrease  the  solubility  of  enamel,  but  that 
small  amounts  show  no  demonstrable  reduction.®  These  small  amounts  in  the 
subsurface  layers  of  mottled  enamel,  according  to  our  findings,  amounted 
to  approximately  300  pimi  of  fluoride.  Only  in  the  surface  enamel  of  both 
mottled  and  normal  enamel  is  fluoride  found  in  large  amounts,  and,  incidentally, 
surface  enamel  is  considerably  less  soluble  in  acid  than  subsurface  enamel.®^ 

With  regard  to  the  antibacterial  action  of  fluoride,  it  has  been  found  that 
concentrations  in  excess  of  250  ppm  are  needed  to  affect  bacterial  growth.®® 
Therefore,  whether  the  mechanism  of  action  of  fluoride  in  reducing  caries  is 
one  of  reducing  acid  solubility  or  affecting  bacterial  growth,  it  is  evident  that 
the  high  concentrations  present  in  the  surface  are  more  likely  to  be  effective 
than  the  much  lower  concentrations  in  the  subsurface  enamel. 

It  is  of  interest  that  attempts  to  correlate  the  fluoride  content  of  enamel 
with  susceptibility  to  dental  caries  have  met  with  varying  degrees  of  success. 
Caries-free  teeth  have  been  reported,  by  some  workers,®®’  ®*’  to  have  more 
fluoride  in  the  enamel  than  carious  teeth,  but  in  the  most  comprehensive  study 
made  to  date,®®  no  relation  was  found.  It  is  likely  that  a  more  consistent 
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correlation  with  dental  caries  may  be  established  if  the  fluoride  coneent ration 
in  only  the  outer  part  of  the  enamel,  rather  than  in  the  entire  enamel,  is 
considered. 

Because  of  the  high  saturation  of  fluoride  in  the  external  enamel,  it  is 
interesting  to  speculate  on  the  mechanism  of  action  of  topical  application  of 
fluoride  in  reducing  dental  caries.  A  radioactive  fluoride  study  has  shown 
that  fluoride  is  primarily  picked  up  in  pathological  areas  of  the  enamel.^ 
Evidently,  these  areas  have  either  been  depleted  of  fluoride  because  of  the  acid 
condition  associated  with  the  carious  attack,  or  i)art  of  the  outer  enamel  has 
been  destroyed,  resulting  in  exposure  of  subsurface  enamel  which  is  low  in 
fluoride.  In  either  case,  a  selective  uptake  by  these  areas  is  understandable. 
The  possibility  also  exists,  of  course,  that  i)articularly  in  young  teeth  from 
low-fluoride  areas,  the  surface  enamel  has  not  reached  the  saturation  point 
and.  therefore,  fluoride  is  picked  up  by  the  entire  enamel  surface. 

The  difference  in  the  fluoride  content  of  mottled  and  normal  enamel 
warrants  some  discussion.  The  finding  that  high  concentrations  of  fluoride 
extend  further  into  the  subsurface  enamel  in  mottled  teeth  is  probably  related 
to  at  least  2  factors.  One  of  these,  obviously,  is  the  greater  amount  of  fluoride 
which  is  present  in  water,  food,  and  tissue  fluids  in  areas  of  endemic  fluorosis. 
Second,  defects  were  conspicuous  in  the  outer  enamel  of  the  mottled  teeth. 
This  enamel  was  chalky  and  soft  to  grind,  indicating  a  loosely  bound  structure. 
It  would  seem  that  penetration  of  fluoride  is  facilitated  in  this  type  of  enamel 
and  that,  therefore,  the  defective  enamel  contributed  to  the  deeper  impreg¬ 
nation  of  fluoride  in  these  teeth. 


SUMMARY 

1.  The  distribution  of  fluoride  has  been  studied  in  successive  layers  from 
the  surface  inward  in  the  enamel  of  deciduous  teeth,  and  of  permanent  un- 
crupted  and  erupted  teeth  of  different  age,  and  of  teeth  with  mottled  enamel. 

2.  In  all  these  teeth  a  high  concentration  of  fluoride  was  found  in  the 
outermost  layer  of  the  enamel  and  a  low  level  was  found  in  the  bulk  of  the 
enamel. 

3.  The  findings  suggest  that  small  amounts  of  fluoride  arc  laid  down  in 
the  enamel  during  formation,  and  that  only  the  outermost  enamel  picks  up 
fluoride  once  calcification  has  been  completed. 

4.  Appreciable  amounts  of  fluoride  accumulate  in  the  outer  enamel  of 
unerupted  teeth.  There  also  api)ears  to  be  a  i)osteruptive  pickup.  The  outer¬ 
most  crystal  layers  of  enamel  may  reach  fluoride  concentrations  as  great  as 
1  i)er  cent. 

5.  Deciduous  teeth  contain  less  fluoride  in  the  outer  enamel  than  permanent 
teeth. 

6.  Mottled  enamel  contains  higher  concentrations  of  fluoride  than  that  of 
normal  teeth  at  any  distance  from  the  enamel  surface. 
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7.  The  caries-reducingf  effect  of  fluoride  is  believed  to  be  due  to  the  high 
poncentration  of  fluoride  in  the  surface  enamel.  Little  protection  is  believed 
to  he  afforded  by  the  low  concentrations  which  were  found  in  the  bulk  of  the 
enamel. 
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THE  DISTRIBUTION  OF  LEAD  IN  HUMAN  ENAMEL 
FINX  BRUDEVOLU  AND  LUDVILLE  T.  STEADMAN 

Eastman  Dental  Dispensary  and  School  of  Medicine  and  Dentistry  of  the  University  of 

Kochester,  Kochestcr,  X.  1’. 

The  studies  whieli  have  been  made  on  the  oeeurrenee  of  lead  in  normal  teeth 
suggest  that  this  element  is  consistently  present  in  small  amonntsd'^  The 
normal  level  for  whole  ashed  teeth  has  been  rei)orted  to  he  in  the  range  of  20 
to  70  ppm.^’  *  Dentin  appears  to  contain  api)roximately  3  times  more  lead  than 
enamel.®  There  have  been  no  studies  on  the  presence  of  lead  in  nnernpted 
teeth  or  on  uptake  of  lead  by  teeth.  Therefore,  it  is  not  known  to  what  extent 
lead  found  in  teeth  has  been  incorporated  during  tooth  formation  or  deposited 
after  eruption.  The  fact  that  concentrations  of  lead  above  normal  have  been 
found  in  the  teeth  of  persons  suffering  from  lead  poisoning'’  **’ demon¬ 
strates  a  posteruptive  uptake.  Lead  determinations  in  normal  teeth  of  different 
ages  also  suggest  a  posterui)tive  gain  up  to  the  age  of  about  20,  when  a  fairly 
constant  concentration  is  reached.®’  *  A  similar  condition  a])parently  exists  with 
regard  to  lead  in  bone,  in  that  there  api)ears  to  be  no  definite  increase  with  age 
after  a  state  of  e(iuilibrium  has  been  reached  between  uptake  and  loss." 

The  significance  of  the  presence  of  lead  in  teeth  has  not  been  established. 
It  has  been  suggested  that  lead  may  be  harmful  because  caries  was  found  to 
develop  in  a  cat  suffering  from  lead  poisoning.'  ^lore  significant  is  the  finding 
that  the  number  of  DMF  teeth  in  workers  in  lead  plants  was  about  the  same 
as  that  in  other  industrial  workers.'^  Topical  application  of  lead  fluoride  has 
been  ineffective  in  reducing  dental  caries.  Two  studies  gave  negative  results'®’ 
and,  in  a  third  study,  the  reduction  was  no  greater  than  has  been  observed  with 
sodium  fluoride.'® 

In  spite  of  these  m’gative  findings,  it  is  |)o.ssible  that  the  presence  of  lead 
may  render  the  teeth  more  resistant  to  acid  decalcification.  This  is  suggested  by 
the  observation  that  powdered  enamel  expo.sed  to  lead  salts  has  a  decreased 
solubility.'®'^®  However,  the  solubility-reducing  effect  of  lead  needs  further  in¬ 
vestigation  because  of  the  contradictory  findings  which  have  been  reported  on 
intact  enamel.  Exposure  of  the  enamel  surface  to  lead  has  been  found  to  pro¬ 
duce  either  good*'  or  fair**  reduction,  or,  in  the  case  of  our  own  experiments, 
negative  results.*® 

Although  the  evidence  of  the  importance  of  lead  with  regard  to  dental 
caries  is  negative,  the  studies  in  this  field  have  by  no  means  been  exhaustive. 
The  fact  that  lead  normally  tends  to  accumulate  in  bone  and  tei'th  always  raises 
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the  possibility  that  it  may  exert  an  effect  in  the  mouth  under  certain  conditions. 
For  this  reason,  it  was  felt  that  a  study  of  the  concentration  and  distribution 
of  lead  in  enamel  from  teeth  of  different  ajies  would  be  of  interest. 

METHOD 

Following  a  previously  described  procedure^^  fjround  samples  of  successive 
layers  of  enamel  were  pooled  from  partly  and  fully  formed  unerupted  teeth, 
and  from  erupted  teeth  representing  persons  of  the  age  groups  under  20,  20  to 
29,  30  to  49,  and  over  50  years  of  age.  A  sufficiently  large  number  of  teeth 
was  included  to  provide  enamel  for  determinations  of  fluoride,  copper,  and  tin 
as  well  as  lead.  These  additional  results  are  reported  in  separate  papers  with 
a  description  of  the  tooth  material  included  in  the  paper  on  fluoride.^* 

Lead  was  determined  as  follows:  For  samples  containing  high  concentra¬ 
tions,  40  mg.  of  enamel  was  dissolved  in  dilute  hydrochloric  acid  to  give  4  mg. 
per  0.1  ml.  Spectrographic  carbons  were  impregnated  with  0.1  ml.  amounts  of 
this  solution  or  of  the  solution  suitably  diluted.  For  low  concentrations,  10  mg. 
of  the  tooth  material  w'as  added  dry  to  each  carbon.  Lead  was  evaluated  by 
the  spectrum  line  2833.07  A.  The  internal  standard  was  bismuth;  0.25  Gm.  w’as 
used,  and  the  line  read  was  2897.98  A.  Excitation  of  the  sample  was  by  the 
conventional  DC  carbon  arc.  Analyses  were  done  in  (piadruplicate. 

RE.Sl'LTS 

Table  I  shows  the  concentration  of  lead  in  successive  layers  of  enamel 
from  the  different  groups  of  impacted  and  erupted  teeth.  The  amount  of  lead 
in  the  outer  enamel  of  mottled  teeth  of  unknown  age  from  Texas  is  also  given. 


T.vbi.e  I 

('(*.\<’E.NTRATIOX  OF  LeAD  IX  PARTS  PER  MlI.I.IOX  IX  HVCCE.SSIVE  LAYERS  OF  EXAMEI. 
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47 

114 
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42 

95 
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29 

;?4 

*I  =  Incompletely  formed, 
til  =  Fully  formed. 


The  unerupted  as  well  as  the  erupted  teeth  showed  fairly  high  concentrations 
of  lead  in  the  external  layer  of  the  enamel  and  rapidly  decreasing  values  in 
successive  layers  of  subsurface  enamel.  The  amount  of  lead  in  the  surface 
enamel  was  greater  in  erupted  than  in  unerupted  teeth.  In  the  latter  the  low¬ 
est  concentration,  180  ppm,  was  found  in  the  incompletely  formed  teeth,  com¬ 
pared  to  210  ppm  in  the  fully  formed  ones.  Among  the  erupted  teeth  the 
ones  under  20  years  with  350  ppm  and  the  20  to  29  yeare’  group  with  360  ppm 
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were  similar,  while  the  two  older  grroups,  the  30  to  40  with  520  ppm  and  the 
over  50  with  550  ppm  had  much  higher  concentrations.  The  mottled  teeth 
from  Texas  showed  lower  lead  values  than  any  of  the  erupted  teeth  from 
Rochester,  demonstrating  the  fact  that  teeth  from  different  "cofirap Ideal  areas 


Dmpih  from  Surfoct  CmtufoHr* 

~  ^  •'  Surfac*  Scort 

KiK.  1. 


may  vary  in  the  content  of  lead.  It  is  possible,  also,  that  the  ^reat  amount  of 
fluorine  in  the  mottled  enamel  may  interfere  with  lead  uptake.  In  all  groups, 
the  concentration  of  lead  in  the  external  enamel  was  many  times  j>:reater  than 
that  reported  in  the  literature  for  whole  teeth.  However,  the  concentration  of 
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lead  decreased  rapidly  from  the  surface  inward,  and  the  bulk  of  the  subsurface 
enamel  contained  concentrations  of  one-fifth  or  less  than  that  of  the  external 
layer. 

The  possibility  was  considered  that  the  *rreat  amount  of  lead  which  was 
found  in  the  outer  layer  of  the  enamel  may,  in  ])art,  have  originated  from 
dental  restorations  and  that  we  were  dealinfj  with  a  contaminant  and  not  a 
eonstituent  of  the  enamel  structure.  To  cheek  this  pos.sibility.  "round  enamel 
samples  of  o  successive  layers  from  intact  teeth  of  i)ersons  over  50  years  of 


age  were  subjected  to  hnul  dettuinination.  The  findings  were  500,  340,  *210,  IK), 
and  70  ppm  of  l(*ad  iri  the  respective  layeiN,  taken  in  onler  from  the  surface 
and  inward.  As  a  r(‘sult  of  the.se  observations,  it  was  eoneludetl  that  lead 
may  he  normally  present  in  intact  enamel  in  the  concentrations  which  we  found. 

In  order  to  compare  the  distribution  of  hmd  in  the  different  groups  of 
teeth,  the  lead  concentrations  of  the  successive  enamel  layei’s  were  plotted  against 
the  distance  from  the  surface,  using  the  sjime  proee<lures  as  i)reviously  deserilmd 
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for  rtuoi'ide.^*  In  Fig.  1,  it  will  be  seen  that  the  jiattern  of  distribution  is 
similar  in  all  groups.  There  is  a  high  concentration  of  lead  at  the  enamel 
surface,  and  rapidly  decreasing  concentrations  in  subsurface  enamel  toward  a 
fairly  stable  level,  which  is  characteristic  for  the  bulk  of  this  enamel. 

From  the  curves  of  the  impacted  teeth,  it  is  evident  that  apiireciable 
amounts  of  lead  are  picked  up  by  the  enamel  bc'fore  eruption,  but  the  high  con¬ 
centrations  found  in  the  older  erupted  teeth  suggest  that  there  is  also  a  post- 
eruptive  lead  acquisition. 

In  Fig.  2,  the  logarithms  of  the  lead  concentrations  in  the  successive  enamel 
layers  are  plotted  against  the  dejith  from  the  surface.  From  this  chart,  the 
concentration  of  lead  in  the  outer  molecular  layer  of  the  enamel  may  be 
estimated  by  extrapolating  the  different  curves  to  the  ordinate.  In  most  groups 
of  teeth,  this  outer  superficial  concentration  appears  to  be  in  the  order  of  700 
ppm. 

DISCUSSION 

The  present  study  has  confirmed  the  observation  of  other  workers  that  lead 
is  a  consistent  constituent  of  teeth.  In  addition,  it  shows  that  the  concentration 
of  lead  may  be  up  to  20  times  greater  in  the  outer  part  of  the  enamel  than  that 
found  in  the  entire  enamel  in  jirevious  studies. 

The  pattern  of  distribution  of  lead  in  the  enamel  is  conspicuously  like  that 
of  fluorine,  both  in  unerupted  and  erupted  teeth.  Therefore,  certain  aspects  of 
the  uptake  of  these  2  elements  by  the  enamel  must  be  similar.  It  was  postulated 
in  the  ca.se  of  fluorine  that  the  fully  calcified  enamel  is  jiractically  impermeable 
to  the  fluorine  ion.*^  The  same  is  evidently  true  of  lead.  According  to  this 
view,  the  lead  found  in  the  bulk  of  the  enamel  must  have  been  laid  down  in  the 
enamel  matrix  before  calcification  was  completed.  That  lead  is  readily  taken  up 
during  this  period  is  the  more  likely  because  of  the  observation  on  bone  that 
structures  which  undergo  calcification  pick  up  lead  at  a  greater  rate  than  fully 
formed  structures.'*"'’^®  Once  calcification  has  been  completed,  lead  acjpiisition 
occurs  primarily  from  the  outer  surface,  and,  because  of  an  exceedingly  slow 
penetration  into  the  enamel,  high  concentrations  accumulate  in  the  outer  enamel. 

Posterujitive  gain  in  lead  is  also  suggested  by  the  high  concentration  found 
in  the  outer  enamel  of  the  older  teeth.  Such  a  gain  is  in  accord  with  observa¬ 
tions  of  increased  lead  content  in  teeth  from  persons  suffering  front  lead  poison¬ 
ing  and  in  teeth  from  animals  on  a  high  lead  diet.®  In  considering  the  post- 
eruptive  uptake  of  lead,  it  should  be  borne  in  mind  that  substantial  amounts 
of  lead  may  have  been  dejaisited  in  developing  teeth  .some  decades  ago  because 
of  the  greater  hazards  of  lead  exposure  then  than  nowadays.  Therefore,  the 
increase  after  eruption  may  not  be  as  great  as  indicated  by  our  data. 

Previous  studies  suggest  that  an  e<|uilibrium  between  uptake  and  loss  of 
lead  in  teeth  may  be  reached  early  in  adult  life.  The  complexity  of  this  problem 
of  uptake  and  eipiilibrium  is  brought  out  by  our  procedure  of  studying  the  sur¬ 
face  layers  of  the  enamel,  rather  than  entire  teeth  as  was  done  in  the  jiast. 
The  high  concentrations  found  in  the  outermost  layer  of  teeth  from  the  older 
age  groups  may  very  well  represent  a  saturation  or  equilibrium  level  under 
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conditions  cxistinj;  in  the  mouth,  hut  the  much  lower  concentrations  in  sub¬ 
surface  enamel  certainly  show  that  the  bulk  of  the  enamel  is  far  from  bein» 
saturated  with  lead.  Therefore,  since  small  amounts  of  lead  are  present  in  the 
avcraffc  diet,*'  it  is  likely  that  the  lead  content  in  the  enamel  will  increase  slowly 
with  afje.  This,  as  a  matter  of  fact,  is  what  our  findiiifjs  indicate  will  happen. 

The  presence  of  lead  in  the  enamel  must  depend  not  only  on  the  uptake  and 
rate  of  ])enetration,  but  also  on  loss.  No  studies  have  been  done  on  the  mobility 
of  lead  in  the  enamel,  but  studies  on  bone  indicate  that  lead  may  be  easily  with¬ 
drawn  from  calcified  structures.  For  instance,  citrate,  acid,  or  alkaline  atjents 
will  deplete  bone  of  lead,  as  shown  by  increa.sed  urinar\'  output,*”  and,  under 
certain  conditions,  lead  may  actually  be  mobilized  from  bone  more  ea.sily  than 
calcium.*”  The  oral  environment  must  jjenerally  be  unfavorable  for  mobilization 
of  lead,  for,  otherwise,  the  high  concentrations  found  in  the  surface  of  intact 
enamel  would  be  inconceivable.  But,  in  view  of  the  findings  cited  alwve,  it  is 
likely  that  lead  may  be  lost  from  surface  areas  where  acid  conditions  prevail, 
and  it  seems  doubtful  wdiether  the  presence  of  lead  wdll  contribute  materially 
toward  making  the  enamel  more  resistant  to  the  action  of  acid.  Some  evidence 
that  lead  will  leach  from  enamel  faster  than  phosphate  at  pll  4  has  been 
obtained  in  sei)arate  tests  in  oui-  laboratory.  This  was  concluded  from  the 
finding  that  the  lead-phosphorus  ratio  of  the  outer  layer  of  enamel,  etched  off  in 
an  acetate  buffer,  was  higher  than  would  be  expected.  Evidently,  at  least  at 
this  low  pH,  lead  is  loosely  bound  in  the  enamel  and  will  go  into  solution  faster 
than  some  of  the  other  constituents  of  the  enamel.  However,  the  effect  of  lead 
on  .solubility  needs  further  clarification.  For  instance,  our  own  solubility  tests 
showed  no  decrease  in  solubility  after  exposure  of  intact  enamel  surfaces  to 
lead  nitrate  but  a  marked  decrease  when  etched  enamel  surfaces  were  similarly 
treated. Also  as  already  mentioned  in  the  literature  review,  several  inve.stiga- 
tors  have  shown  that  lead  salts  will  reduce  the  solubility  of  powdered  enamel. 
It  is  pos.sible  that  both  the  amount  of  lead  present  and  the  type  of  bond  with 
which  it  is  attached  to  the  enamel  may  be  important  factors  with  regard  to  acid 
solubility. 

With  regard  to  the  nature  of  the  deposition  of  lead  in  the  enamel,  nothing 
is  known,  but  .studies  on  bone  have  shown  that  it  will  exchange  with  calcium.' 
•More  recent  w’ork  indicates  that  lead  may  fii^st  absorb  on  the  surface  of  the 
apatite  crystallites  and  that  it  may  eventually  assume  a  position  within  the 
crystalline  st ructure.'” 

SUMM.\RY 

1.  The  distribution  of  lead  was  determined  in  pooled  ground  samples  of 
successive  layers  of  enamel  from  unerupted  and  erupted  teeth  of  different  ages. 
A  group  of  mottled  teeth  w'as  alst)  included. 

2.  Lead  was  found  to  be  present  in  the  enamel  of  both  unerupted  and 
erupted  teeth. 

3.  There  was  an  increase  in  the  lead  concentration  of  the  surface  enamel  in 
fully  formed  unerupted  teeth,  comi)ared  to  that  of  incompletely  formed  ones. 
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The  amount  of  lead  in  the  outer  enanu*!  of  erupted  teeth  was  greater  than  that 
of  unerupt('d  teeth  and  showed  an  inerease  with  age.  The  greatest  eoneentration 
in  the  outermost  enamel,  550  pi)m,  was  found  in  the  over  50  years'  group. 

4.  In  all  groups  of  teeth,  the  greatest  amount  of  lead  was  found  in  the 
outermost  enamel  layer,  and  deereasing  amounts  were  found  in  the  subsurface 
layers  until  a  fairly  constant  level  was  reached  which  represented  the  lead 
concentration  in  the  bulk  of  the  enamel.  This  concentration  was  about  30  ppm 
in  teeth  from  young  persons  and  about  00  i)pm  in  teeth  from  persons  over  50 
years  of  age. 

5.  The  lead  content  of  the  enamel  of  mottled  teeth  was  less  than  that  of 
normal  erupted  teeth,  showing  either  that  the  amount  of  lead  in  the  enamel  may 
vary  in  different  geographical  regions  or  that  presence  of  fluorine  in  large 
amounts  may  interfere  with  lead  uptake. 

6.  Since  lead  occurs  in  relatively  high  concentrations  in  the  outer  enamel, 
its  presence  may  be  im{)ortant.  but,  as  yet,  its  significance  has  not  been  estab¬ 
lished. 
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AMMONIA  PRODUCTION  IN  SALIVA  II. 

C.  T.  CLEGG,  Phm.B.,  AND  J.  J.  RAE,  Ph.D. 

Chemistry  Department,  University  of  Toronto,  Toronto,  Canada 

PREVIOUS  work*’  *  has  shown  that  there  is  an  ammonia-produeinf;  meehanisni 
in  saliva  which  is  inhibited  by  glucose.  This  glucose  inhibition  was  still 
exhibited  when  solutions  buflPered  at  pH  7.0  were  used,  showing  that  the 
inhibition  was  not  altogether  due  to  a  lowering  of  the  pH. 

A  urease  which  produces  large  amounts  of  ammonia  when  urea  is  added 
is  also  [)resent  in  saliva.  If  glucose  is  added  to  these  urea-saliva  mixtures,  the 
ammonia  production  is  greater  than  when  urea  alone  is  used. 

When  the  pH  is  maintained  at  pH  7.0,  the  stimulating  effect  of  glucose  on 
ammonia  production  in  the  presence  of  urea  is  no  longer  observed.  This  would 
indicate  that  pH  is  the  decisive  factor  and  that  glucose  acts  to  maintain  the 
pH  near  the  optimum  for  ammonia  production  and  does  not  exert  any  stim¬ 
ulating  effect  by  itself. 

EXPERIMENTAL 

Wide  variations  in  the  final  concentration  of  glucose  (without  added  urea) 
from  0.1  to  10  per  cent  produced  comparable  drops  in  jiII  on  incubation  with 
saliva.  The  concentration  of  glueose  does  not  seem  to  be  related  to  the  drop 
in  pH  at  these  levels. 

Wide  variations  in  the  final  concentration  of  urea  (without  added  glucose! 
from  0.1  to  5  per  cent  produced  comparable  amounts  of  ammonia,  and  the  pH 
rose  from  7.5  to  9.0  in  all  tubes.  However,  10  per  cent  urea  inhibited  ammonia 
production. 

The  eflfi’ct  of  varying  tin*  ratio  of  glucose  to  urea  on  ammonia  production 
was  investigated  and  the  results  are  shown  in  Table  1. 

Tabi.e  I 


The  Ekkect  uk  Vakiatioxs 

IN  THE  Ratio  ok  Gi.vcose  to  I’rea  on  Ammonia  Proihmtion  in 
Samva 

TI’BE 

rONTENTRATION 
OI.rcOSE  1  I’KEA 

RATIO 

KI.VAI, 

NH, 

NO. 

(per  cent) 

1  (per  cent) 

OI.rcOSE/l'REA 

pil 

(mc.  per  ce.nt) 

1 

4.0 

0.2 

1:0.05 

5,0 

2.35 

2 

2.0 

0.2 

1:0.1 

5.4 

270 

5.0 

1.0 

1 :0.2 

S.li 

277 

4 

1.0 

1.0 

1:1 

8.8 

283 

5 

1.0 

.*5.0 

1:.3 

8.;? 

245 

fi 

1.0 

5.0 

1:5 

8.7 

70 

7 

2.0 

4.0 

none 

8 

1.0 

_ 

9.0 

190 

These  results  show  that  when  the  urea  concentration  falls  below  Yio  of 
the  glueose  it  is  not  suflfieient  to  prevent  a  drop  in  pH  even  though  the  ammonia 
production  stays  at  a  fairly  high  level.  Excessive  amounts  of  urea  in  the 
presence  of  glucose  inhibited  ammonia  production. 
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The  amounts  of  gflucose  and  urea  used  in  most  of  the  earlier  experiments 
(2  per  cent  {jlucose  and  1.5  per  cent  urea)  resulted  fortuitously  in  a  ratio  of 
glucose  to  urea  which  gave  the  optimum  stimulation  of  ammonia  production 
by  glucose. 

SUMMARY 

In  an  attempt  to  shed  further  light  on  the  ammonia-producing  mechanism 
in  saliva,  experiments  were  performed  in  which  the  concentrations,  when  used 
.separately,  and  the  ratios,  when  used  in  conjunction,  of  urea  and  glucose 
added  to  the  saliva  were  varied.  Only  small  amounts  (0.1  per  cent)  of  glucose 
(no  added  urea)  were  needed  to  obtain  large  drops  in  pH.  Concentrations  of 
urea  (no  added  glucose)  below  0.3  per  cent  did  not  cause  a  rise  in  pH  on 
incubation.  High  concentrations  of  urea  (10  per  cent)  inhibited  ammonia 
production. 

A  ratio  of  glucose  to  urea  of  about  1 :1  exhibits  optimum  stimulation  of 
ammonia  production.  If  the  urea  is  lowered  below  0.2  per  cent  (added  glucose), 
the  drop  in  pH  is  not  prevented.  If  the  urea  is  raised  above  3  per  cent, 
inhibition  in  ammonia  production  is  observed. 
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THK  CULTIVATION  OF  TOOTH  (JERMS  IN  AN  EMBRYO 
EXTRAIT-FREE  MEDIUM 

WILLIAM  LEFKOWITZ  AND  PATRICIA  SWAYNE 
College  of  Deiitixtry,  The  Ohio  Stntr  rnirersity,  Columbus,  Ohio 

Experiences  in  the  in  vlti-o  eultivatlon  of  tooth  germs  have  established 
that  growth  and  development  are  most  rapid  in  the  first  days  of  eultiva- 
tiond'®  In  these  studies,  the  media  eontained  embryo  extraet  which  is  known 
to  possess  growth  stimulating  substances/’  Chick  embryo  extract,  for  rat  and 
mouse  molar  tooth  germ  explants,  seemed  to  provide  nutritional  requirements 
for  4  to  8  days,  after  which  degeneration  occurred/'®  Dilute  homologous  em¬ 
bryonic  extract  provided  rat  molar  tooth  germ  explants  with  moi-e  desirable 
medium  in  which  growth  and  development  continued  beyond  8  days  at  a  re¬ 
tarded  rate.®  In  the  latter  studies,  survival  ensued  for  the  arbitrarily  chosen 
period.  These  findings  suggest  that  at  the  time  of  planting  there  is  a  residual 
nutrient  medium  in  the  organ  which,  until  consumed,  is  capable  of  sustaining 
growth  and  development.  It  was  also  deemed  important  to  establish  the  effi¬ 
cacy  of  embryo  extract  for  tooth  germ  cultivation.  This  was  achieved  by  com¬ 
paring  the  results  of  this  investigation  with  similar  periods  of  cultivation  in 
media  containing  embryo  extract.^  The  following  study  was  executed  as  a 
guide  to  evaluate  the  survival,  growth,  and  development  potential  of  the  re¬ 
sidual  nutritional  media  in  the  explants.  It  was  found  that  tooth  germs,  culti¬ 
vated  in  embryo  extract-free  media,  had  an  oi)timum  survival  period  of  4  days 
in  vitro  and  degenerated  after  8  days  of  cultivation. 

M.4TKRIAL.S  AND  METHODS 

Twenty-one  tooth  germs  dissected  from  19-day  embryos’^’®  of  Rockland 
albino  rats  were  cultivated  on  the  clot  in  Carrel  flasks.  The  1  c.c.  coagulum 
consisted  of  3  parts  of  chicken  plasma  and  1  part  of  Tyrode’s  solution.  The 
1  c.c.  supernatant  fluid  was  Tyrode’s  solution.  Both  the  coagulum  and  super¬ 
natant  fluid  contained  .00;")  phenol  red.  The  medium  was  adjusted  to  a  pH  of 
7.6  at  the  time  of  planting.  All  cultures  were  washed  with  Tyrode’s  solution 
for  2  hours  and  fresh  Tyrode’s  solution  added  every  4  days.  The  pH  was 
adjusted  to  7.6  at  this  time.  Photographs  of  the  explants  were  taken  every 
4  days.  Observations  made  dining  cultivation  were  concerned  with  survival, 
growth,  and  development  of  the  tooth  germ.  Changes  in  morphology,  opacity, 
and  the  outgrowth  characteristics  were  also  recorded.  Cultivation  was  termi¬ 
nated  at  4-day  intervals  up  to  16  days  for  histologic  examination  which  sup¬ 
plied  additional  information  on  survival  and  development.  The  histologic 

Presented  at  the  Thirtv-second  Heneral  Meeting  of  the  International  As.sociation  for 
Dental  Research,  French  Lick.  Indiana,  March  19,  1954  (./.  D.  Rea.  38:  669,  1954).  This  study 
was  supported  in  part  by  the  Institute  of  Dental  Research,  National  Institutes  of  Health, 
Department  of  Health,  Education  and  W'elfare,  Hethesda,  Md.  Grant  #D168. 
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technic  was  that  used  in  previous  studies.®  This  investigation  parallels  a  study 
already  reported  in  which  embryo  extract  was  included  in  the  coagulum  and 
supernatant  fluid. ^  The  findings  were  also  compared  with  the  normal  in  vivo 
development  of  the  rat  molar  tooth  germ.' 

RESULTS 

When  observed  in  the  flask  most  of  the  explants  appeared  to  survive  from 
4  to  8  days.  After  this  period,  10  of  the  21  explants  completely  degeneratetl 
in  the  flask  so  that  only  11  cultures  provided  tissue  for  histologic  examination. 

Most  of  the  explants  remained  opaque  for  the  duration  of  cultivation  so 
that  it  was  impossible  to  observe  development.  Slight  growth  was  observed 
in  the  first  days  of  cultivation,  although  it  was  markedly  less  than  that  which 
occurred  in  a  similar  group  containing  embryo  extract.^  One  explant  showed 
growth  after  12  days  of  cultivation,  but  had  completely  degenerated  at  16 
days.  In  general,  shrinkage  of  the  explant  occurred  after  8  days  of  cultiva¬ 
tion. 


A 

1 

- ^ — w — 
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Fig.  1. — Xlneteen-day  rat  embryo  molar  tooth  germ  cultivated  in  an  embryo  extract-free 
medium  photographed  in  Carrel  flask.  A,  1  day  In  flask;  B,  5  days  in  flask,  arrow  points  to 
degenerated  outgrowth ;  C,  9  days  in  flask,  note  degenerated  outgrowth :  D,  12  days  In  flask, 
outgrowth  consists  of  flbroblasts  and  monocyte-like  cells;  B,  16  days  in  flask,  note  degenerated 
tooth  germ  and  outgrowth.  (Orig.  mag.  X3.V) 

There  was  no  common  pattern  of  outgrowth.  Three  explants  which  ex¬ 
hibited  no  outgrowth  after  4  days  were  designated  as  necrotic  either  upon  or 
immediately  after  planting.  In  18  instances,  the  presence  of  outgrowth  in  4 
days  indicated  survival  of  the  peripheral  cells  of  the  explant.  For  8  days 
outgrowth  increased  at  a  retarded  rate  using,  as  normal,  the  in  vitro  rate  ob¬ 
served  with  media  containing  embryo  cxtimct.^  At  this  time,  the  innermost 
cells  of  the  outgrowth  degenerated  (Fig.  1).  The  peripheral  cells  continued 
to  divide  at  a  greatly  retarded  rate.  The  coagulum  in  the  area  of  degenerated 
cells  lifjuefled  and  monocytes  appeared  in  the  area.  The  liquefaction  of  the 
clot  and  lysis  of  the  outgrowth  proceeded  both  toward  the  periphery  and  cen¬ 
trally,  so  that  the  process  finally  involved  the  tooth  germ.  Ultimately  only  a 


Figs.  2-8. —  (For  legends  see  opposite  page.) 
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rin^  of  nionoeyte-like  cells  and  yoiinfj  fibroblasts  remained  ( 2).  The  process 
of  licpiefaction  completely  destroyed  the  tissue  in  10  explants.  Of  these,  only  1 
case  showed  survival  of  the  monocyte-like  cells  at  16  days  of  cultivation  (Fi».  3). 

The  11  cxplants  which  provided  tissue  for  histologic  study  were  examined 
grossly  at  the  time  the  specimens  were  taken  and  surprisingly  retained  their 
egg-shaped  moiphology.  All  cultures  were  sectioned,  including  those  which 
obviously  had  degenerated  in  the  flasks.  The  latter  showed  only  plasma  after 
histologic  examination. 

Two  explants  were  taken  for  histologic  examination  at  the  end  of  4  days 
of  cultivation.  In  1  specimen  the  enamel  organ  dedifferentiated  into  stratified 
s(]uamous  epithelium  and  the  dental  papilla  showed  degenerative  changes. 
The  few'  identifiable  fibroblasts  showed  karyorrhexis  or  pyknotic  nuclei.  Fig. 
4  is  a  photomicrograph  of  a  section  of  the  other  specimen  which  exhibited 
greater  survival  and  development.  In  this  ease  the  enamel  epithelium  retained 
its  normal  pattern.  Cell  division  continued  in  the  proliferative  zone  (Fig.  5). 
Two  epithelial  pearls  developed  in  the  central  cell  area,  a  phenomenon  which 
also  occurred  in  tooth  germs  cultivated  in  media  containing  embryo  extract.®’  * 
The  papilla  survived  with  the  exception  of  a  small  centrally  located  area  of 
degeneration.  Beginning  differentiation  of  odontoblasts  may  be  observed  in 
one  area  of  the  papilla.  As  measured  by  in  vivo  development,  the  explant 
demonstrated  an  advance  in  development  of  1  day. 

Of  the  10  tooth  germs  cultivated  for  8  days,  only  3  show’ed  tis.sue  after 
sectioning.  In  general,  the  epithelium  again  exhibited  greater  survival  than 
the  papilla.  Fig.  6  is  a  section  typifying  the  average  result.  The  degenerated 
enamel  epithelium,  which  resembled  stratified  scjuamous  epithelium  with 
hornification,  indicates  dedifferentiation  of  the  enamel  organ.  The  papilla 
presented  a  mass  of  degenerated  fibroblasts.  The  entire  tooth  germ  showed 
greater  survival  capacity  toward  the  periphery  of  the  explant  which  was  ex¬ 
hibited  mainly  in  the  epithelium. 

Of  the  5  specimens  sectioned  after  12  days  in  the  flask  only  2  presented 
tissue.  Both  specimens  showed  the  same  degree  of  degeneration.  In  one  ease 


Fig.  2. — Nineteen-i.lay  rat  embryo  molar  tooth  germ  cultivated  11  days  in  embryo  ex¬ 
tract-free  medium  photographed  in  flask.  Note  degenerated  outgrowth  and  monocyte-like  cells. 
Dark  mass  (lower  left)  is  original  explant.  (Orig.  mag.  X35.) 

Kig.  3. — Nineteen-day  rat  embryo  molar  tooth  germ  cultivated  1.5  days  in  embryo  ex¬ 
tract-free  medium  photographed  in  flask.  Kxplant  and  outgiowth  degenerated  leaving  ring  of 
monocyte-like  cells.  (Orig.  mag.  X35. ) 

Kig.  4. — Photomicrograph  of  section  of  19-day  rat  embryo  molar  tooth  germ  cultivated  4 
days  in  embryo  extract-free  medium.  Note  differentiation  of  peripheral  flbroblasts  of  papilla. 
Arrow  points  to  area  of  degeneration.  (Orig.  mag.  XlWt.) 

Fig.  5. — Higher  magnifleation  proliferative  zone  of  Fig.  4  showing  cell  division.  (Orig. 
mag.  X450.) 

Fig.  tt. — Photomicrograph  of  section  of  19-day  rat  embryo  molar  tooth  germ  cultivated  8 
days  in  embryo  extract-free  medium.  Dedifferentiated  enamel  epithelium,  EE.  Note  degenera¬ 
tion  of  flbroblasts  of  papilla,  P.  (Orig.  mag.  XlOO.) 

Fig.  7. — Photomicrograph  of  section  of  19-day  rat  embryo  molar  tooth  germ  cultivated 
12  days  in  embryo  extract-free  medium.  Dedifferentiated  enamel  epithelium.  EE.  Note  de¬ 
generated  flbroblasts  of  papilla,  P.  Arrow  points  to  area  of  columnar  epithelium.  (Orig.  mag. 
XlOO.) 

Pig.  8. — Photomicrograph  of  section  of  19-day  rat  embryo  molar  tooth  germ  cultivated  10 
days  in  embryo  extract-free  medium.  Same  specimen  as  Fig.  1.  (Orig.  mag.  XlOO.) 
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the  cntiro  tootli  frc'rm  was  penncatcd  with  inonocyto-liko  cells.  Fi};.  7  is  a  photo- 
microfiraph  of  a  section  of  1  spi'ciineii,  and  re])resents  a  mass  of  tissue  sliffhtly  ad¬ 
vanced  in  degeneration  over  that  observed  in  Fig.  6.  The  enamel  (‘i)itheliuin 
shows  evidence  of  dedifferentiation  although  in  1  isolated  area  the  cells  of  the 
inner  enamel  epithelium  retained  their  columnar  form.  Degeneration  of  the 
papilla  was  complete. 

Four  specimens  were  dissected  from  the  clot  after  16  days  of  cultivation. 
In  each  case  a  small  mass  of  degenerated  tissue  was  recovered.  Neither  the 
enamel  epithelium  nor  papilla  could  be  recognized  by  cytologic  identification. 
In  2  of  the  specimens  a  suggestion  of  the  location  of  the  enamel  organ  aided 
in  identifying  the  toooth  germ.  The  papilla  appeared  either  as  an  amorphous 
or  granular  mass  showing  monocyte-like  cells  in  the  area.  The  specimen,  which 
showed  the  greate.st  survival  capacity,  exhibits  in  Fig.  8  slight  evidence  of  the 
enamel  organ  by  its  location.  The  papilla  i)resents  shreds  of  acellular  tissue. 
Some  fibroblasts  of  the  outgrowth  are  identifiable  even  though  degenerated. 

From  gross  observations  no  cultures  warranted  cultivation  beyond  16 
days.  At  this  time,  observation  of  the  tooth  germs  in  the  flask  indicated  com¬ 
plete  degeneration,  an  observation  verified  by  histologic  examination. 

DISCUSSION 

The  in  vitro  cultivation  of  tooth  germs  presents  a  problem  in  organized 
growth,  which  is  concerned  with  survival,  growth,  differentiation  and  the  de¬ 
velopment  of  functional  capabilities.  The  functional  potential  of  the  elements 
of  the  tooth  germ  has  been  adequately  demonstrated  although  it  lags  far  be¬ 
hind  the  survival  period. 

Investigations  to  date  have  generally  established  that  the  most  extensive 
growth  and  development  occurred  in  the  first  days  of  cultivation.*'®  In  these 
studies,  the  use  of  heterologous  media  had  no  apparent  ill  effect  on  the  ex¬ 
plant,  and  development  continued  in  a  harmonious  pattern.  Survival,  and 
consequently  the  development  of  the  elements  of  the  rat  tooth  germ,  was  seri¬ 
ously  hindered  after  8  days  of  cultivation  in  complete  avian  media.®  Using 
homologous  embryo  extract  and  an  avian  coagulum  enhanced  survival  but  the 
unilateral  development  of  ectodermal  and  mesodermal  derivatives  of  the  organ 
after  8  days  indicates  that  there  is  an  optimum  nutritional  potential  in  the 
dissected  tooth  germ  at  the  time  of  planting.* 

It  seems  apparent  that  the  major  problem  confronting  investigators  in  this 
area  is  the  nutritional  requirement  of  the  explanted  organ.  Should  there  be 
adequate  residual  optimal  nutritional  elements  in  the  explant,  the  evaluation 
of  short-term  results  should  be  reconsidered.  Furthermore,  it  becomes  neces¬ 
sary  to  determine  the  developmental  potential  of  residual  media  in  order  to 
properly  interpret  findings. 

It  is  difficult  to  conceive  of  a  nutrient-free  medium  for  the  cultivation  of 
tissue.  Certainly  the  coagulum  and  Tyrode’s  solution  may  be  construed  as 
nutrients,  but  embryo  extract  has  been  established  as  the  nutritional  factor 
for  .stimulating  growth.®  Its  exclusion  would  provide  a  minimal  or  limited 
nutritional  medium  adecpiate  to  pursue  the  investigation  of  residual  nutrient 
media  in  the  tooth  germ  at  the  time  of  planting. 
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The  survival,  growth,  and  development  of  a  tooth  germ  in  an  embryo  extract- 
free  medium  is  an  indication  that,  at  the  time  of  ])lanting,  it  contains  a  reserve 
force  of  nutrition.  This  may  be  considered  an  optiminu  nutrient  residue  which 
provides  for  the  first  period  of  growth  and  development.  In  an  embryo  ex¬ 
tract-free  nu'dium  the  maximum  growth  ])otential  achieved  in  4  days  of  cidtiva- 
tion  is  equivalent  to  1  day  of  in  A'ivo  development.  Specimens  taken  at  later 
periods  showed  increasing  stages  of  degeneration.  Comparing  these  results 
with  similar  periods  of  cultivation  in  a  medium  containing  embryo  extract, 
there  can  be  little  doubt  that  embryo  extract  is  a  valuable  constituent  of  the 
nutritional  requirements  of  the  tooth  germ  cells  cultivated  in  vitro  and  will  be 
essential  unless  a  satisfactory  synthetic  medium  is  developed.  Survival, 
growth  and  development  beyond  the  first  4  days  should  be  attributed  to  the 
homologous  embryo  extract  in  studies  reported  to  date. 

The  cells  of  the  enamel  epithelium  showed  greater  survival  than  the  fibro¬ 
blasts  of  the  papilla.  The  interrelationship  of  both  ectodermic  and  mesodermic 
derivatives  was  disturbed.  The  dedifPerentiation  of  the  enamel  epithelium 
which  occurred  was  similar  to  that  found  after  the  separation  of  tooth  germ 
elements’”’  ”  and  in  papillectomy’-  which  establislu’d  that  the  development  of 
the  enamel  organ  is  dependent  on  a  normal  papilla. 


SUMM.\RY 

While  no  conclusions  can  be  drawn  from  the  limited  number  of  explants, 
the  study  suggests  that  the  cells  of  the  enamel  organ  have  greater  survival 
capacity  than  the  fibroblasts  of  the  papilla  in  embryo  and  extraet-free  medium.  It 
is  also  noted  that  the  tooth  germ  explant  may  survive,  grow’,  and  develop  for 
4  days  in  vitro  in  the  absence  of  embryo  extract.  This  may  explain  the  first 
rapid  developmental  period  and  establishes  the  need  for  embryo  extract  as  a 
constituent  of  media  in  the  in  vitro  cultivation  of  tooth  germs. 
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AX  INVESTIGATION  TO  DETERMINE  THE  EFFECTS  OF  STARCH 
SPONGE  IMPLANTED  IN  BONE 

LEO  KORCHIX,  D.P.S. 

Bodriyufs  Army  Hottpifal,  APO  851,  New  York,  N.  F. 

STARCH  spoiifre  was  discovered  accidentally  by  Seharlinf;  in  Copenhagen  in 
1844  when  he  noted  the  formation  of  a  spongy  mass  upon  freezing  a  starch 
paste.  This  remained  a  laboratory  curiosity  for  100  years  until  Bice, 
MacMasters,  and  Hilbert'  suggested  the  use  of  this  material  as  an  antibiotic¬ 
carrying  medium.  Rosenfeld  was  the  first  to  report  on  its  successful  clinical 
use  as  an  absorbable  hemostatic  agent. 

Starch  sponge*  is  a  pure  cornstarch  product  in  which  no  other  substance 
is  incorporated.  It  is  made  by  freezing  a  5  to  7  i)er  cent  paste  of  cornstarch 
in  water  at  -8°  to  -11°  C.,  after  which  it  is  thawed  at  room  temperature,  cut 
into  desired  shapes  and  sizes,  and  dried.  In  the  dry  state  starch  sponge  can 
be  stored  indefinitely  if  protected  from  moisture  and  contaminating  organisms. 
It  is  hygroscopic  and  becomes  somewhat  moist  if  exposed  to  air. 

The  sponge  is  soft  and  flexible  when  wet,  hard  and  rigid  when  dry.  The 
wet  sponge  is  resilient  when  pressed,  resuming  its  original  shape  ui)on  release 
of  the  pressure.  It  will  quickly  reabsorb  all  of  the  moisture  pres.sed  from  it. 
The  dry  sponge  rapidly  absorbs  about  16  times  it  own  weight  of  water.  Steri¬ 
lization  is  accomplished  in  the  autoclave. 

No  significant  tissue  reaction  was  observed  by  Correll,  Prentice,  and  Wise* 
following  imi)lantation  of  starch  sponge  in  rat  muscle,  although  unabsorbed 
fragments  were  noted  histologically  through  the  fiftieth  day.  Lee  and  Lehman,® 
in  investigating  a  number  of  substances  to  replace  the  talc  used  on  surgeons’ 
rubber  gloves,  found  a  cornstarch  derivative  which  i>roved  very  satisfactory. 
They  showed  comi)lete  absorption  of  the  cornstarch  product  from  the  peritoneum 
without  demonstrable  inflammatory  reaction  and  without  producing  adhesions. 
MacQuiddy  and  Tollman"  reported  on  the  satisfactory  use  of  a  cornstarch 
derivative,  treated  by  i)hysical  and  chemical  means  to  improve  its  lubricating 
value  and  to  prevent  gelatinization  when  autoclaved,  to  replace  talc.  They 
were  unable  to  find  any  sensitivity  to  this  starch  in  the  group  of  human  beings 
tested.  The  cornstarch  derivative  was  nonirritating  in  the  tissue  of  animals 
and  was  readily  absorbed  from  the  peritoneal  cavity.  Ro.senfeld'®  ''*  found 
starch  si)onge  to  be  an  excellent  hemostatic  agent  in  the  rabbit.  The  peritoneal 

This  paper  is  an  abstract  of  a  tli.ssertation  submitted  to  tiie  Faculty  of  the  Graduate  School 
of  Georgetown  University  in  partial  fulfillment  of  the  re«iuirenients  for  the  degree  of  Master 
of  Science  in  Oral  Surgery. 

Presented  at  the  32nd  (Jeneral  Meeting  of  the  International  Association  for  Dental 
Research,  French  Dick,  Indiana,  March  19-21,  1954,  and  awarded  the  Novice  Award  for  1954. 
Received  for  publication  Dec.  10,  1954. 

♦Manufactured  under  the  trade  name  of  “Solusponge”  by  the  Panray  Corporation  oper¬ 
ating  under  a  patent  license  granted  by  the  Department  of  Agriculture  and  through  the 
courtesy  of  whom  the  material  used  for  this  investigation  was  donated. 
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adhesions  found  at  autopsy  performed  on  these  animals  3  to  4  weeks  after 
implantation  of  the  sponge  were  described  as  “surprisingly  moderate.”  Clini¬ 
cally  the  sponge  was  successfully  used  to  control  bleeding  in  obstetrics  and  in 
gynecologic  surgery.  The  hemostatic  effect  was  attributed  to  mechanical  action, 
swelling,  and  consequent  pressure,  rather  than  any  acceleration  of  the  clotting 
mechanism.  Ricchiuti*  demonstrated  complete  absorption  of  the  sponge  from 
the  peritoneal  cavity  of  dogs  in  24  hours  and  from  subcutaneous  implant  in 
72  hours.  Ritter  and  Bloomberg®  found  starch  sponge  especially  suitable  to 
prostatic  surgery.  In  a  series  of  687  cases  Davidson  and  SedelB  found  starch 
sponge  superior  to  previous  products  used  in  extraction  sockets  for  hemostasis. 
The  incidence  of  dry  sockets  did  not  increase  following  the  prophylactic  use 
of  this  material. 

The  purpose  of  this  investigation  was  to  determine  the  biologic  absorb¬ 
ability  of  starch  sponge  in  bone,  the  histologic  response  that  might  be  provoked 
by  implantation  of  starch  sponge  in  bone,  the  effect  upon  healing  following 
implantation  of  starch  sponge  in  the  tooth  extraction  socket  and  the  incidence  of 
alveolar  osteitis  following  implantation  of  starch  sponge  in  the  tooth  extraction 
socket.  The  first  3  phases  of  the  investigation  were  carried  out  in  dogs,  the 
fourth  in  humans. 

EXPERIMENTAL  PROCEDURE 

In  dogs  the  starch  sponge  was  implanted  in  the  mesial  socket  of  the  upper 
fourth  premolar,  the  distal  socket  remaining  as  a  control,  and  in  the  ilium  on 
the  lateral  aspect  below  the  crest.  Intravenous  Nembutal  anesthesia  was  em¬ 
ployed  for  all  procedures  on  the  dog  and  sterile  techniipie  observed  for  the 
operation  on  the  ilium. 

The  dogs  were  sacrificed  so  that  specimens  were  obtained  that  had  been 
embedded  for  1,  2,  3,  4,  5,  7,  10,  14,  21,  and  28  days.  All  specimens  were 
radiographed  and  placed  in  a  10  per  cent  formalin  solution.  They  were  subse¬ 
quently  decalcified  in  formic  acid  and  blocked  in  wax  for  sectioning.  Staining 
was  done  with  hematoxylin  and  eosin,  and  {leriodic  acid-Schiff  to  detect  the 
presence  of  carbohydrates. 

For  the  investigation  in  human  subjects  sterile  starch  sponge  cut  to  size 
for  insertion  into  the  tooth  socket  was  siqiplied  in  cotton-stoppered  vials.  The 
clinicians  participating  in  the  investigation  were  instructed  to  use  the  sponge 
dry,  without  adjuncts,  in  the  tooth  sockets  of  patients,  without  selection,  pre¬ 
senting  for  treatment  during  the  time  of  the  investigation.  The  only  exception 
was  in  the  case  of  the  suppurative  socket  where  the  use  of  starch  sponge  is 
contraindicated.^  The  ])atients  were  instructed  to  report  1  week  postoperatively 
for  examination. 

RESULTS 

A.  Anitnal  ExperimenUttum. — Radiologic  changes  in  the  tmith  socket  did 
not  become  evident  until  between  the  second  and  third  week.  At  that  time  the 
radiograph  gave  evidence  of  ost(*ogenesis,  farther  advanced  in  the  distal  socket 
(control)  than  in  the  mesial  socket  (starch  sponge). 
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An  identical  pattern  was  observed  in  the  ilium.  The  abrupt  change 
between  the  second  and  third  week  was  clearly  demonstrated  (Figs.  1  and  2). 
The  apparent  loss  of  density  in  the  28-day  ilium  si)ecimen  was  due  to  a  through- 
and-through  wound  of  both  cortices  which  produced  the  circumscribed  area  of 
radiolucence  present  in  the  center  of  the  l)one  defect.  Histologically  this  central 
defect  appeared  as  a  den.se  collagenous  mass. 

Fig.  3. 


Fig.  4. 

Fig.  3. — Two-day  control  tooth  socket.  Beginning  proliferation  of  flbrous  tis.sue  from  the 
sides  of  the  wound.  (Hematoxylin  and  eosin  ;  orig.  mag.  XI 45.) 

Fig.  4. — Four-day  control  tooth  socket.  Proliferation  of  granulation  tissue  is  very  active 
from  sides  of  wound.  Remodeling  of  bone  is  occurring  along  sides  of  wound.  (Hematoxylin 
and  eosin;  orig.  mag.  X145. ) 


KOm’HlN  I.D.Res. 
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In  do^s  the  eontrol  tooth  socket  demonstrated  normal  healiiiff  and  the  histo¬ 
logical  pattern  followed  closely  that  observed  by  other  investigators.*’  *  Begin¬ 
ning  proliferation  of  fibrous  tissue  from  the  sides  of  the  wound  was  evident 
in  two  days  (Fig.  3).*  In  4  days  the  proliferation  of  granulation  tis.sue  was 

Kip.  5. 


Fig.  6. 

Fig.  5. — Seven-day  control  tooth  socket.  Osteogenesis  is  proceeding  rapidly.  (Hema¬ 
toxylin  and  eosin :  orig.  mag.  X145.) 

Fig.  6. — Twenty-one-day  control  tooth  socket.  Newly  formed  bone  completely  fills  the 
bone  defect.  (Hematoxylin  and  eosin;  orig.  mag.  X145.) 

•Photomicrographs  through  the  courtesy  of  the  Medical  Illustration  Service  of  the 
.\rmed  Forces  Institute  of  Pathology,  Washington,  D.  C. 
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very  active  (Fig.  4).  In  7  days  osteogenesis  was  proceeding  rapidly  (Fig.  5) 
and  in  21  days  newly  formed  Iwne  completely  filled  the  bone  defect  (Fig.  6). 

The  tooth  socket  in  which  starch  sponge  had  been  implanted  demonstrated 
delayed  healing.  In  1  day  there  appeared  to  be  an  acute  inflammatory  reaction 


Fig.  8. 

Fig.  7. — One-day  atarch-sponge-iniplanted  tooth  socket.  There  is  an  acute  inflammatory 
reaction  .surrounding  the  implanted  sponge  with  polymorphonuclear  neutrophils  predominating 
and  infiltrating  the  sponge.  (Hematoxylin  and  eosin;  orig.  mag.  X145.) 

Fig.  8. — Three-day  starch-sponge-implanted  tooth  socket.  There  is  an  active  fibroblastic 
and  endothelial  proliferation  from  the  side  of  the  tooth  socket  accompanied  by  mononuclear 
cells  and  polymorphonuclear  neutrophils  converging  on  the  blood  clot  residue.  (Hematoxylin 
and  eosin;  orig.  mag.  XI 4 5.) 
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surrounding  the  implanted  sponge  with  polyinorplionuclear  neutrophiles  pre¬ 
dominating  and  infiltrating  the  sponge  (Fig.  7).  In  2  days  fihrous  pro¬ 
liferation  from  the  sides  of  the  wound  was  evident,  hut  the  material  remaining 
in  the  socket  appeared  to  be  a  necrotic  mass.  In  3  days  fibrous  and  endothelial 


Kig.  9. — Seven-day  starch-sponge-implanted  tooth  socket.  Oranulation  tissue  is  pro¬ 
liferating  from  the  sides  of  the  wound  and  osteogenesis  is  occurring.  (Hematoxylin  and 
eosin ;  orig.  mag.  X145. ) 

Kig.  10. — Twenty-one-day  starch-sponge-implanted  tooth  socket.  Newly  forme<l  bone 
completely  circumscribes  the  healing  socket.  Oranulation  tissue  is  still  present  in  the  center 
of  the  tooth  socket.  (Hematoxylin  and  eosin;  X145.) 
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proliferation  were  very  active  (Fij^.  8)  but  it  was  not  until  7  days  that  the 
starch-sponfre-implanted  tooth  socket  approached  the  7-day  control.  Here 
osteogenesis  was  evident,  although  not  quite  as  advanced  as  the  control  (Fig. 
9).  At  21  days  granulation  tissue  was  still  present  in  the  center  of  the  starch- 
sponge-implanted  tooth  socket  (Fig.  10),  and  it  was  not  until  the  twenty- 
eighth  day  that  the  sockets  appeared  identical  histologically. 

Fig.  11. 


Fig.  12. 

Fig.  11. — Three-day  starch-sponge-implanted  tooth  socket.  Fragment  of  starch  sponge  at 
fundus  of  socket.  (Periodic  acid-Schilf;  orig.  mag.  X65. ) 

Fig.  12. — Ten-day  starch-sponge-impianted  tooth  socket.  Residual  granules  of  .starch 
sponge.  (Periodic  acid-Schiff;  orig.  mag.  X65. ) 


454 


KORCHIX 


J.  D.  Res, 
June,  1956 


Using  the  i)eriodic  aeid-Schiff  stain,  a  stain  for  carbohydrates,  fragments 
were  seen  as  late  as  28  days  after  implantation.  Hydrolysis  of  starch  sponge 
in  the  tooth  socket  did  not  proceed  with  any  regularity  and  could  not  be  at¬ 
tributed  to  i)hysiologieal  reactions  but  appeared  to  be  the  result  of  the  in- 
flammatorA'  process  (Figs.  11,  12  and  13). 

Healing  in  the  ilium  followed  a  normal  pattern  and  closely  paralleled  the 
healing  in  the  control  tooth  socket.  The  implanted  starch  sponge  provided  a 
well-tolerated  matrix  for  the  blood  clot  and  appeared  to  be  absorbed  at  the 
same  rate  as  the  blood  clot.  This  was  well  demonstrated  in  the  specimen  in 
which  starch  sponge  had  been  embedded  for  10  days.  Here  the  starch  sponge 
was  absent  at  the  Imrders  of  the  wound  where  osteogenesis  was  active,  yet  was 
present  deeper  in  the  wound  where  granulation  had  not  yet  occurred. 


Fig.  13. — Twenty-one-day  starch-sponRe-impIanted  tooth  socket.  Residual  fragments  of  starch 
sponge  in  center  of  tooth  socket.  (Periodic  acid-Schiff ;  orig.  mag.  X65. ) 

Using  the  periodic  acid-Schiflf  stain  in  the  ilium,  it  was  noted  that  although 
the  strands  of  starch  sponge  were  absorbed  as  granulation  proceeded,  numerous 
re.sidual  granules  remained  unabsorbed  and  embedded  in  the  granulation  tissue 
and  newly  formed  bone  marrow.  These  granules,  present  as  inert  bodies,  did 
not  elicit  any  unusual  cellular  response  during  the  time  of  this  investigation. 
Further  study  is  necessary  to  determine  the  final  reaction  of  the  organism  to 
these  residual  fragments. 

B.  Clinical  Findings. — Eleven  hundred  and  fifty-two  extraction  sockets 
were  examined  in  528  patients.  Three  hundred  and  sixty-five  sockets  were  im¬ 
planted  with  starch  sponge,  of  which  229  were  checked  postoperatively.  The 
remainder  were  not  checked  because  the  patients  did  not  return.  There  were 
7  cases  of  alveolar  osteitis  (1.92  per  cent). 
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Seven  hundred  and  eighty-seven  sockets  served  as  controls,  457  of  which 
were  cheeked  postoperatively.  The  remainder  were  not  checked  because  the 
patients  did  not  return.  There  were  6  cases  of  alveolar  osteitis  (0.76  per  cent). 
The  chi  square  was  computed  to  be  2.98. 

DISCUSSION 

A.  Biologic  Absorbability  in  Bone. — In  the  bone  wound  produced  ex¬ 
perimentally  in  the  crest  of  the  ilium,  starch  sponge  appeared  to  be  absorbed 
at  the  same  rate  as  the  blood  clot.  This  suggests  that  the  mechanism  of 
hydroly.sis  of  starch  sponge  in  bone  might  in  part  be  due  to  starch-splitting 
enzymes  released  by  the  proliferating  cells.  It  is  also  possible  that  the  exudate 
from  the  newly  formed  vascular  channels  contains  sufficient  amylase  to 
hydrolyze  the  starch.  Doubtlessly  some  of  the  material  is  removed  by  phago¬ 
cytosis. 

Notable  is  the  fact,  however,  that  following  the  hydrolysis  of  starch  sponge 
strands,  residual  granules,  which  are  resistant  to  hydrolysis,  remain.  These, 
unlike  the  starch  sponge  strands,  were  not  identified  readily  when  examined 
under  the  hematoxylin  and  eosin  stain  but  were  clearly  observed  when  the 
Iieriodic  acid-Schiff  stain  w'as  used.  The  difference  in  staining  reactions  indi¬ 
cates  that  this  material  is  not  cornstarch.  The  positive  identification  of  this 
material,  however,  is  beyond  the  scope  of  this  investigation. 

B.  Histologic  Response  in  Bone. — The  acute  inflammatorj'  response  that 
accompanied  the  presence  of  starch  sponge  in  the  dog  tooth  socket  can  be  at¬ 
tributed  to  the  growth  of  organisms  in  the  culture  medium  produced  by  the 
action  of  ptyalin  on  starch.  It  was  felt  that  the  starch  might  have  been 
hydrolyzed  in  the  autoclave  or  by  starch-splitting  organisms  present  in  the  oral 
flora.  The  autoclaved  starch  sponge  was  tested  for  sugar  with  negative  results. 
The  existence  of  starch  splitting  microorganisms  among  the  oral  flora  has  not 
been  determined. 

In  the  ilium  the  histologic  response  w'as  that  which  would  be  anticipated 
in  a  healing  bone  wound.  There  was  no  unusual  histologic  response.  Some  of 
the  re.sidual  granular  material  w'as  present  in  phagocytic  cells  but  the  bulk 
of  the  material  remained  inert,  apparently  well  tolerated. 

C.  Effect  Upon  Healing. — The  histological  sections  demon.strated  retarded 
healing  in  the  stareh-sponge-implanted  tooth  socket.  This  cannot  be  attributed 
to  the  action  of  starch  sponge  per  se,  but  to  secondary  bacterial  invasion  w’hich 
followed  the  degradation  of  starch  into  sugar.  One  of  the  factors  which  might 
have  influenced  this  reaction  was  the  size  of  the  implanted  sponge.  In  the 
experimental  animals  the  implanted  sponge  filled  the  socket  completely.  If  a 
smaller  volume  of  sponge  had  been  implanted  in  the  apical  one-third  of  the 
tooth  socket,  it  is  possible  that  the  mouth  fluids  would  not  have  been  able  to 
reach  the  sponge  to  produce  hydrolysis. 

Clinical  observations  made  on  the  dogs  at  the  time  they  were  sacrificed 
demonstrated  delayed  epithelization  as  a  consistent  finding  in  the  stareh-sponge- 
implanted  tooth  sockets. 
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Healing  in  the  bone  cavity  produced  under  sterile  conditions  in  the  ilium 
followed  a  pattern  that  was  remarkably  similar  to  the  control  tooth  socket. 
The  implanted  sponge  appeared  to  be  compatible  with  the  surrounding  tissue. 
It  has  not  been  observed  that  starch  sponge  acts  as  a  network  upon  which 
fibrosis  occurs  but  rather  that  the  sponge  becomes  an  integral  part  of  the  blood 
clot,  absorbed  with  the  clot  as  fibrosis  proceeds.  The  residual  granules,  noted 
throughout  the  investigation,  were  present  as  inert  bodies  and  did  not  appear 
to  have  any  effect  upon  healing. 

D.  Incidence  of  Alveolar  Osteitis. — The  total  number  of  extraction  sockets 
was  used  in  the  computation  of  the  chi  square  even  though  some  patients  did 
not  return  for  postoperative  examination.  All  patients  were  instructed  to 
report  1  week  postoperatively,  or  sooner  if  any  untoward  symptoms  developed. 
Since  the  subjective  symptoms  of  alveolar  osteitis  are  so  distressing,  it  was 
felt  that  patients  who  developed  this  condition  would  return  for  treatment. 
It  was  assumed  that  those  patients  who  did  not  return  did  not  develop  alveolar 
osteitis,  and  the  inclusion,  therefore,  of  all  patients  in  the  statistical  analysis 
was  justified. 

The  chances  of  obtaining  a  chi  square  value  of  2.98  due  to  sampling  error 
are  between  5  and  10  in  100.  This  might  be  considered  the  outer  limit  of  sig¬ 
nificance.  From  this  and  the  results  of  animal  experimentation,  one  can  con¬ 
clude  that  while  the  use  of  starch  sponge  in  the  extraction  socket  does  not 
increase  the  incidence  of  osteitis  alveolar  significantly,  it  predisposes  to  post¬ 
operative  infection  and  delayed  healing. 

CONCLUSIONS 

In  the  bone  wound  produced  under  sterile  conditions,  starch  sponge  is 
absorbed  at  approximately  the  same  rate  as  the  blood  clot,  leaving  residual 
granules  at  28  days,  the  length'  of  time  of  this  investigation.  Starch  sponge 
does  not  appear  to  provoke  any  unusual  histologic  response  and  does  not  inter¬ 
fere  w'ith  the  rate  of  osteogenesis. 

In  the  contaminated  bone  wound  the  absorption  of  starch  sponge  is  not 
accomplished  in  a  physiological  manner  but  rather  accompanying  inflammation. 
Implantation  of  starch  sponge  predisposes  to  infection  and  the  cellular  response 
is  that  of  inflammation.  Due  to  the  secondary  infection  which  follows  the 
implantation  of  starch  sponge  in  the  tooth  socket,  healing  is  retarded. 

Implantation  of  starch  sponge  in  the  tooth  extraction  socket  does  not 
significantly  increase  the  incidence  of  alveolar  osteitis  but  it  does  predispose 
to  delayed  healing. 

SUMMARY 

The  present  investigation  was  undertaken  to  determine  the  effects  of  starch 
sponge  in  bone.  Dogs  were  used  as  experimental  animals  and  starch  sponge 
was  implanted  in  the  tooth  socket  and  ilium.  The  clinical  phase  of  the  investi¬ 
gation  was  carried  out  in  humans  and  consisted  of  a  determination  of  the 
incidence  of  alveolar  osteitis  following  implantation  of  the  sponge. 
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It  was  determined  that  starch  sponge  does  not  interfere  with  osteogenesis 
but  residual  granules  remain  in  the  newly  formed  bone  marrow.  Due  pre¬ 
sumably  to  degradation  followed  by  secondary  infection,  its  use  in  the  dog 
tooth  socket  is  accompanied  by  an  acute  inflammatory  reaction  with  resultant 
delay  in  healing.  When  used  in  the  human  tooth  socket,  the  incidence  of 
alveolar  osteitis  does  not  increase  significantly,  but  healing  is  retarded. 
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RESIDUAL  MERCURY  CONTENT  OF  AMALGAM  RESTORATIONS  AND 
ITS  INFLUENCE  ON  COMPRESSIVE  STRENGTH 
MARJORIE  L.  SWARTZ  AND  RALPH  W.  PHILLIPS 
Department  of  Dental  Materials,  Indiana  University  School  of  Dentistry,  Indianapolis,  Ind. 

IT  HAS  long  been  thought  that  the  residual  mercury  content  of  amalgam  res¬ 
toration  does  influence,  to  some  extent,  both  the  compressive  strength  and 
resistance  to  tarnish.  Ward  and  Scott,'  investigating  primarily  the  effects  of 
packing  pressures  on  dimensional  change,  made  some  observations  on  compres¬ 
sive  strength  as  related  to  residual  mercury.  They  noted  that  when  the  pack¬ 
ing  pressures  were  increased,  there  was  a  trend  toward  higher  compressive 
strengths  and  lower  residual  mercury  contents.  The  use  of  extremely  high 
condensation  pressures  (256,000  psi)  reduced  the  residual  mercim-  to  28.3 
per  cent  and  the  compressive  strength  rose  to  73,000  psi.  Such  pressures  are, 
of  course,  not  possible  in  the  clinical  insertion  of  an  amalgam  restoration. 

Gray’s*  original  work  illustrated  that  as  the  mercury  decreased  below  50 
per  cent  the  strength  increased.  Crawford  and  Larson*  demonstrated  that  the 
compressive  strength  of  amalgam  increased  from  53,000  psi  to  approximately 
59,000  psi  when  the  residual  mercury  fell  from  48  to  35  per  cent.  However, 
they’  found  no  correlation  between  strength  and  residual  mercury  within  limits 
of  45  to  50  per  cent.  Likewise  Ryge,  Dickson,  Smith,  and  Schoonover,*  were 
unable  to  demonstrate  any  relationship  in  strength  with  specimens  where  the 
residual  mercury  ranged  from  46.5  to  53.0  i)cr  cent.  Swartz  and  Phillips’  de¬ 
tected  no  influence  upon  compressive  strength  of  residual  mercury  between 
limits  of  45.6  and  48.5  per  cent. 

The  studies  cited  were  designed  primarily  to  investigate  the  effect  upon 
compres.sive  strength  of  minimal  amounts  of  mercury  which  might  be  secured 
by  use  of  heavy  condensation  pressures.  As  Crawford  has  summarized,*  there 
seems  to  be  little  gained,  at  least  in  terms  of  strength,  in  the  development  or  use 
of  a  technic  which  would  reduce  the  mercury  content  below  45  per  cent. 

Little  work  has  been  done,  however,  to  correlate  the  strength  with  the 
residual  mercury  at  the  higher  levels  that  are  more  commonly  found  in  the 
amalgam  restoration.  Analyses  of  amalgam  restorations  removed  from  ex¬ 
tracted  teeth  indicate  that  mercury  is  often  present  in  amounts  well  above  50 
per  cent.  Crawford  and  Larson*  analyzed  10  restorations  and  found  the  residual 
mercury  content  ranged  from  45.2  to  59  per  cent.  Souder  and  Sweeney*  ana¬ 
lyzed  2  restorations  and  found  51.6  per  cent  mercury  in  one,  and  52.9  per  cent 
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in  the  other.  Phillips  and  Swartz,"  reporting  on  100  restorations  selected  at 
random,  found  mercury  to  be  present  in  widely  varying  quantities  from  28.6 
to  61.0  per  cent.  It  is  interesting  to  note  that  in  their  investigation  a  large 
number  of  restorations  contained  mercury  in  amounts  that  exceeded  50  per 
cent.  It  must  also  be  pointed  out  that  in  all  these  studies,  the  entire  specimen 
was  analyzed.  It  is  quite  possible  that  certain  specific  areas  might  contain 
significantly  higher  values  of  resid.ial  mercury  than  the  mean  for  the  whole 
sample. 

Thus,  although  there  are  ample  data  correlating  strength  with  residual 
mercury  at  the  lower  levels,  no  work  has  been  done  to  study  the  influence 
played  at  the  higher  concentrations  which  are  often  found  in  the  entire  clinical 
restoration  or  in  some  specific  area.  This  study  was  designed,  therefore,  to 
determine  the  effects  on  the  compressive  strength  of  residual  mercury  when  it 
exceeded  50  per  cent  and  to  measure  the  mercury  content  in  various  areas  of 
amalgam  restorations,  particularly  the  margins  where  fraying  and  fracture 
are  often  evidenced. 

PROCEDURE 

Method  of  Mercury  Anutysis. — The  method  of  mercury  analysis  employed 
throughout  the  study  was  that  of  Crawford  and  Larson.®  In  this  procedure,  the 
mercury  is  volatilized,  from  a  pulverized  sample  of  amalgam,  in  an  inert  gas 
atmosphere  and  the  residual  mercury  determined  by  the  loss  in  weight  of  the 
specimen. 

Crawford  and  Larson  employed  relatively  large  powdered  specimens  in  their 
study.  However,  analyses  of  different  parts  of  restorations,  especially  marginal 
areas,  would  necessitate  measurements  being  made  on  extremely  small  quan¬ 
tities  of  alloy.  Where  such  small  samples  are  involved,  the  possible  use  of  whole 
pieces  could  minimize  loss  of  some  of  the  amalgam  when  the  sample  is  being 
pulverized.  Thus  an  experiment  was  conducted  to  determine:  (1)  The  ac¬ 
curacy  of  the  method  when  small  samples  are  employed.  (2)  Whether  the  mer¬ 
cury  content  of  whole  pieces  of  amalgam  could  be  determined  as  accurately  as 
pulverized  samples. 

Amalgam  specimens  of  known  mercury  content  were  prepared  by  weighing 
the  mercury  and  alloy,  in  a  mortar,  on  an  analytical  balance.  They  were  then 
carefully  triturated  to  incorporate  all  of  the  alloy  and  mercury  and  to  produce, 
as  nearly  as  possible,  a  homogeneous  mix.  For  the  pulverized  samples,  the 
entire  mass  was  powdered  in  a  diamond  mortar  and  pestle  and  sample  aliquots 
taken.  Whole  samples  were  prepared  merely  by  cracking  tbe  entire  mass,  and 
pieces  of  varying  size  were  then  selected  for  analysis. 

Fifty  pulverized  samples  of  amalgam  of  known  mercury  contents,  varying 
in  size  from  417  mg.  to  8  mg.,  were  analyzed.  The  residual  mercurj’  in  another 
additional  50  whole  pieces  of  amalgam,  ranging  in  size  from  348  mg.  to  3  mg., 
was  also  determined. 

No  significant  difference  was  found  in  the  accuracy  of  the  method  wdth 
either  ])ulverized  or  w’hole  samples  of  amalgam.  The  standard  error  in  the 
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analysis  of  whole  pieces  was  ±0.10  per  cent  or  ±0.09  mg.  while  that  of  pulverized 
samples  was  ±0.07  per  cent  or  ±0.06  mg.  Likewise  whole  pieces  and  pulverized 
samples  of  amalgam  weighing  25  mg.  or  less  were  analyzed  with  the  same  pre¬ 
cision  as  those  weighing  100  mg.  or  more.  On  the  basis  of  these  results  it  was 
felt  that  it  was  possible  to  measure  samples  as  small  as  10  mg.,  either  whole  or 
pulverized. 

Analyses  of  Various  Areas  of  Amalgam  Restorations. — In  the  restorations 
to  be  analyzed  for  residual  mercurj’,  care  was  taken  to  select  those  which  could 
be  considered  average  or  good.  Restorations  which  showed  badly  frayed  mar¬ 
gins,  improper  contour,  etc.,  were  not  analyzed.  The  amalgam  was  removed 
from  the  extracted  teeth,  cleaned  of  debris,  and  the  specific  areas  to  be  analyzed 
were  cut  from  the  restoration.  The  remainder  of  the  amalgam  was  then  pul¬ 
verized  in  a  diamond  mortar  and  pestle  and  samples  taken  for  analysis.  Thus 
it  was  possible  to  compare  the  mean  mercury  content  of  the  entire  restoration 
with  that  of  certain  specific  areas.  A  diagram  indicating  the  approximate  areas 
analyzed  can  be  seen  in  Fig.  1.  These  particular  areas  were  arbitrarily  selected. 


The  mereurA'  contents  in  the  various  portions  of  17  restoration  are  given  in 
Table  I.  The  fact  that  an  amalgam  restoration  is  not  usually  homogeneous  is 
readily  evident  from  these  analyses.  The  amount  of  mercury  present  in  different 
portions  of  the  same  restoration  varied  as  much  as  6  per  cent. 


Table  I 


RESTORATION 

1  %  Hg 

NO. 

1  A  1 

B 

1 

c  1 

D 

1 

55.2 

59.0 

58.2 

56.7 

2 

57.2 

58.3 

59.3 

3 

54.6 

55.3 

55.3 

54.3 

4 

56.3 

54.3 

55.1 

54.6 

5 

47.9 

52.2 

51.8 

49.1 

6 

59.0 

62.5 

57.5 

57.1 

7 

50.5 

53.1 

53.7 

51.7 

8 

54.7 

59.9 

57.4 

56.3 

9 

54.1 

51.1 

48.5 

53.4 

10 

49.7 

46.3 

51.9 

50.4 

11 

44.0 

49.9 

50.0 

48.9 

12 

49.4 

51.1 

50.9 

51.1 

13 

50.3 

50.2 

53.5 

51.3 

14 

51.1 

52.0 

53.6 

50.3 

15 

51.9 

50.5 

52.0 

50.7 

16 

55.4 

51.9 

52.9 

17 

57.3 

58.6 

58.5 

60.2 
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Table  II 


RESTORATION  NO.  | 

%  Hg  AT  MARGINS  , 

%  Hg  IN  BULK 

1 

54.7 

52.4 

2 

58.6 

58.6 

3 

58.8 

56.5 

4 

56.5 

55.0 

5 

53.0 

56.8 

6 

49.5 

49.7 

7 

55.8 

53.6 

8 

58.7 

60.4 

9 

60.8 

60.3 

10 

55.4 

54.1 

Ten  additional  restorations  were  removed  from  extracted  teeth  and  the 
entire  marginal  area,  approximately  0.5  mm.,  was  ground  with  a  slow  moving 
bur,  collected  and  analyzed.  The  residual  mercury  content  at  the  margins,  as 
compared  to  the  bulk  of  the  restoration,  can  be  seen  in  Table  II.  Again  it  is 
apparent  that  the  residual  mercury  at  the  margins  may  vary  considerably  from 
that  present  in  the  bulk  of  the  restoration. 

Analyses  of  these  random  restorations  clearly  indicate  that  residual  mer¬ 
cury  content  is  often  high.  Values  above  55  per  cent  were  quite  common.  Since 
no  one  has  correlated  the  compressive  strength  with  residual  mercury  at  these 
levels,  the  following  series  of  tests  were  made. 

Comt/ressive  Strength  as  Related  to  Residual  Mercury. — In  the  preparation 
of  compressive  strength  specimens,  the  same  batch  of  a  representative,  small 
grained  alloy  was  used  throughout.  A  Crandall  balance  was  employed  as  the 
proportioning  device  and  all  trituration  was  done  by  means  of  a  mechanical 
amalgamator.  No  mercury  was  expressed  following  trituration;  the  entire  mass 
was  condensed  immediately  into  a  5  mm.  by  10  mm.  mold  by  means  of  an 
automatic  packing  device.  The  load  was  applied  for  2  minutes.  The  com¬ 
pressive  strength  tests  were  run  on  a  Tinius  Olsen  machine,  the  load  being  ap¬ 
plied  at  the  rate  of  9,200  psi  per  minute.  Specimens  were  tested  for  strength 
both  at  1  and  24  hours  and  the  fractured  sample  then  analyzed  for  residual 
mercury  content.  The  figures  shown  are  the  mean  values  obtained  from  a 
minimum  of  6  and  a  maximum  of  12  specimens. 

It  has  been  suggested  that  there  are  factors  other  than  the  residual  mercury 
content  which  might  infiuenee  the  compressive  strength  of  amalgam.  For  ex¬ 
ample,  if  excessive  condensing  pressures  are  employed,  although  more  mercury 
is  removed  it  is  possible  that  the  closer  adaptation  of  the  alloy  particles  and 
reduction  of  any  internal  voids  produces  a  more  dense  mass  and  increases  the 
strength.  In  order  to  determine  whether  residual  mercury,  per  se,  was  the 
lone  factor  governing  compressive  strength,  groups  of  specimens  were  prepared 
in  which  condensation  pressures  of  500,  1,000  and  2,000  psi  were  used.  Thus, 
it  was  possible  to  compare  the  strength  of  specimens  which  contained  approxi¬ 
mately  the  same  residual  mercury  but  which  had  been  condensed  with  varying 
pressures. 

In  order  to  prepare  specimens  which  had  different  residual  mercury  con¬ 
tents,  various  original  mercury-alloy  ratios  were  employed.  (When  the  con¬ 
densation  pressure  was  2,000  psi,  it  was  necessary  to  exaggerate  the  original 
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ratio  to  secure  high  residual  mercury  in  the  final  specimens.)  This  procedure 
proved  to  be  satisfactory  and  for  a  given  condensation  pressure  and  mercury- 
alloy  ratio,  the  residual  mercury  content  in  the  condensed  specimen  was  quite 
uniform.  In  Table  III  the  residual  mercurj'  in  specimens  prepared  from  3  dif¬ 
ferent  mercury-alloy  ratios  is  shown.  The  results  were  reproducible. 


Table  III 


SPECIMEN  NO.  1 

5:8  KATio 

1  5:15  RATIO  1 

5:30  RATIO 

1 

54.0% 

54.9% 

57.4% 

2 

54.1% 

55.5% 

57.1% 

3 

55.2% 

57.0% 

4 

55.6% 

57.0% 

5 

54.2% 

54.8% 

5i  .1% 

6 

53.7% 

54.9% 

56.9% 

2,000  Ib./sq.  in. 


The  residual  mercury  content  of  specimens  prepared  with  various  mercury- 
alloy  ratios  and  condensed  with  the  3  different  pressures  are  shown  in  Fig.  2. 


CONDENSING  PRESSURES 


ALLOY  <  Hfl  RATIO 

Fig.  2. 

For  any  given  condensation  pressure,  increasing  the  percentage  of  mercury  in 
the  original  mix  was  refiected  in  higher  residual  mercury  contents  in  the  final 
specimen.  Specimens  condensed  at  2,000  psi  from  a  mix  of  amalgam  contain¬ 
ing  8  parts  mercury  to  10  parts  alloy  resulted  in  an  average  51.3  per  cent  residual 
mercury,  while  those  prepared  from  mixes  utilizing  25  parts  mercury  to  5  parts 
alloy  conden.sed  at  the  same  pressure,  contained  an  average  of  55.9  per  cent 
residual  mercury.  This  corroborates  previous  work  by  Phillips  and  Boyd**  that 
the  original  mercury-alloy  ratio  does  infiuence  the  residual  mercury  content, 
irrespective  of  the  condensation  pressure. 
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For  each  individual  mercury-alloy  ratio  where  more  than  one  condensing 
pressure  was  employed,  it  will  be  noted  that  mercury  content  rose  as  the  con¬ 
densing  pressure  decreased.  The  average  residual  mercurj-  content  of  amalgams 
prepared  from  mixes  where  an  alloy-mercury  ratio  of  5:8  was  used  in  conjunc¬ 
tion  with  only  a  500  psi  packing  pressure  was  as  great  as  that  of  specimens 
where  more  than  4  times  as  much  mercury  (5:35)  were  employed  in  the  original 
mix  but  condensed  at  the  higher  pressure  of  2,000  psi.  Thus  previous  work*’  * 
showing  that  mercury  content  is  inversely  related  to  condensation  pressure  is 
substantiated.  It  is  obvious  that  if  use  of  excess  mercury  in  the  original 
mix  is  accompanied  by  inadequate  condensation  pressure,  the  residual  mercury 
can  roach  extremely  high  values. 


%  RESIDUAL  MERCURY 

FIff.  3. 

The  1  hour  compressive  strength  of  specimens  with  various  residual  mer- 
cur}’  contents  is  shown  in  Fig.  3.  It  can  be  seen  that  generally  as  the  mercury 
content  increases  the  compressive  strength  decreases,  particularly  when  the 
residual  mercury  exceeds  55  per  cent.  It  was  not  possible  to  prepare  specimens 
of  low  residual  mercury  when  condensation  pressures  of  500  and  1,000  psi  were 
used  since  the  packing  pre.ssures  were  not  adequate  to  I'emove  sufficient  (|uan- 
tities  of  mercury. 
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Twenty-four-liour  compressive  strenpjth  specimens  also  showed  a  decrease 
in  streiif^th  as  the  residual  mercury  contents  rose  (Fi*;.  4).  It  is  of  interest 
to  note  that  the  streiifjth  was  quite  constant  until  the  residual  mercury  exceeded 
approximately  55  per  cent.  From  that  point  on,  however,  the  streiifjth  was  rap¬ 
idly  dissipated  as  the  mercury  content  increased.  When  a  condensation  pressure 
of  2,000  psi  was  used,  the  strength  which  was  40,000  psi  with  a  residual  mercury 
content  of  55  per  cent  dropped  to  only  18,000  psi  when  the  mercury  content 
rose  to  59  per  cent.  With  the  low  condensation  pressure  of  500  pounds  per 
square  inch,  it  was  possible  to  prepare  specimens  containing  as  much  as  62 
per  cent  residual  mercury  and  the.se  produced  strengths  of  only  14,000  psi. 


Fig.  4. 

An  anaflysis  of  these  data  clearly  indicates  that  for  this  alloy  above  55  per 
cent  there  is  a  direct  relationship  between  residual  mercury  content  and  com¬ 
pressive  strength.  Specimens  prepared  at  various  condensation  pressures  but 
having  the  same  residual  mercury  content  invariably  yielded  approximately  the 
same  compressive  .strength.  For  example,  when  the  residual  mercury  was  in 
the  range  of  57.0-57.5  per  cent,  the  variation  in  compressive  strength  of  speci¬ 
mens  prepared  by  3  different  condensation  pressures  was  only  2,000  psi. 

In  order  to  check  these  data  another  alloy  was  also  tested.  One  with  a 
larger  grain  size  was  employed  and  specimens  prepared  as  in  the  previous  work. 
Since  comparable  results  were  obtained  the  data  have  not  been  reported  in  this 
paper. 
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DISCUSSION 

In  spite  of  the  fact  that  amalgam  restorations  are  inserted  which  contain 
residual  mercury  contents  approaching  60  per  cent,  in  this  study  with  the  con¬ 
densation  pressures  which  were  employed  it  was  necessary'  to  increase  the 
amount  of  mercury  in  the  original  mix  to  most  exaggerated  proportions  in  order 
to  obtain  the  desired  high  concentrations  of  residual  mercury  in  the  condensed 
specimens.  This  was  not  surprising  in  view  of  observations  made  by  Crawford 
and  Larson,®  who  found  that  when  the  recommended  mercury-alloy  ratios  were 
employed,  the  residual  mercury  content  of  amalgam  which  was  just  jarred 
into  the  mold  was  approximately  60  per  cent.  The  results  of  this  investigation 
indicate  that  the  residual  mercurj^  content  is  principally  controlled  by  2  factors, 
the  original  mercury-alloy  ratio  and  the  condensing  pressure.  When  high  con¬ 
centrations  of  residual  mercury  are  encountered  clinically,  it  suggests  use  of 
either  an  improper  mercury-alloy  ratio,  insufficient  condensation  pressure  or 
perhaps  a  combination  of  the  two. 

Earlier  studies^*®  indicated  that  use  of  extremely  high  condensation  pres¬ 
sures  substantially  reduced  the  residual  mercury  content  but  there  seemed  to  be 
no  correlation  between  strength  and  residual  mercury  when  it  was  within  the 
range  of  45  to  53  per  cent.*-  ®  The  data  obtained  in  this  investigation  indicate 
that  mercury  content  between  these  limits  is  not  critical  and  that  the  compres¬ 
sive  strength  is  not  impaired  until  the  residual  mercury  reaches  55  per  cent. 
For  these  alloys  above  55  per  cent  there  seems  to  be  a  direct  relationship  between 
strength  and  residual  mercury.  This  particular  percentage  appears  to  be  critical 
since  both  alloys  tested  maintained  a  relatively  constant  compressive  strength 
when  the  residual  mercury  was  below  this  figure,  but  displayed  a  dramatic  loss 
in  strength  when  it  was  exceeded.  It  must  be  recognized  that  this  critical  value 
may  varj’  with  the  alloy  used. 

The  analyses  of  different  areas  of  amalgam  restorations  indicate  that  al¬ 
though  the  average  residual  mercury  content  of  the  entire  restoration  may  be 
less  than  55  per  cent  it  is  quite  common  to  find  certain  areas  which  may  exceed 
that  figure.  Certainly  those  areas  of  high  mercury,  and  hence  low  strength, 
would  be  more  vulnerable  to  fracture  if  subjected  to  stress.  Care  must  be  exerted 
in  adhering  to  the  recommended  ratio  and  using  adequate  condensation  pressure 
and  technic  to  minimize  residual  mercury  and  possible  fracture. 

SUMM.VRY 

It  has  been  shown  that  the  method  employed  here  for  mercury  analysis 
of  amalgam  alloys  is  accurate  for  use  wdth  small  and  unpulverized  specimens. 
Analyses  of  27  amalgam  restorations  indicated  that  they  are  not  homogeneous 
and  that  residual  mercury  in  some  critical  areas  often  approaches  60  per  cent. 
Residual  mercury  does  var\"  with  the  original  ratio  and  with  the  condensation 
pressure.  With  the  two  alloys  used,  although  compressive  strength  was  not 
altered  appreciably  by  fluctuations  in  residual  mercur\’  content  between  the 
ranges  of  50-55  per  cent,  there  was  a  serious  loss  in  strength  when  the  mercury 
exceeded  55  per  cent. 
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THE  EFFECT  OF  LYMPHOCYTIC  CHORIOMENINGITIS  ON 
PREGNANCY  AND  DENTAL  TISSUES  IN  MICE 

SEYMOUR  J.  KRESHOVEB  AND  JAMES  A.  HANCOCK,  JR. 

The  Medical  College  of  Virginia,  School  of  Dentistry,  Richmond,  Va. 

Although  based  primarily  upon  clinical  evidence,  the  relationship  of 
cong:enital  abnormalities  to  prenatal  disease,  whether  metabolic  or  infec- 
tiou.s,  has  been  established.''®  On  the  other  hand,  little  information  is  available 
on  the  specific  subject  of  prenatal  influences  on  tooth  development.  That  such 
a  relationship  is  perhaps  uncommon  is  evidenced  by  the  apparent  rarity  of 
defects  in  deciduous  teeth.*’  However,  since  this  contention  is  supported 
almost  entirely  by  clinical  observation  and  neglects  the  important  consideration 
of  histologic  study,  the  question  remains  a  moot  one. 

Most  studies  have  been  necessarily  conjectural  in  their  evaluation  of  the 
placenta  as  a  barrier  to  or  pathway  for  agents  that  might  be  causally  related 
to  congenital  abnormalities.  It  has  been  suggested  that  such  virus  diseases  as 
rubella,  rubeola,  mumps,  varicella,  and  herpes  zoster  are  possibly  of  etiologic 
significance,®'*  but  the  mechanism  by  which  they  may  initiate  fetal  defects  is 
not  established.  Consideration  must  necessarily  be  given  to  the  possibility  of 
metabolic  by-products  of  the  maternal  disease  as  well  as  actual  transplacental 
infection.  In  either  case,  conclusive  information  has  not  been  forthcoming  from 
experimental  studies  due  to  the  limited  host  range  of  these  viruses.  In  order 
to  further  explore  the  question  of  prenatal  influences  on  tooth  development,  it 
became  necessary  to  consider  other  viruses  that  are  pathogenic  for  the  more 
common  laboratory  animals  of  choice.  Unfortunately,  most  of  these  have  not 
been  demonstrated  to  be  capable  of  placental  passage.  A  previous  study®  of 
vaccinia  failed  to  confirm  findings  of  others  relative  to  intrauterine  fetal  infec¬ 
tion.  Consistent  with  the  evidence  for  an  apparent  placental  barrier  to  vaccinia 
virus  was  the  finding  of  severe  dental  defects  in  the  maternal  rabbits  and  the 
absence  of  dental  abnormalities  in  the  young. 

It  became  of  interest  to  pui-sue  a  similar  direction  of  study  with  a  virus 
definitely  known  to  be  capable  of  transfer  from  maternal  to  fetal  circulation. 
As  demonstrated  by  Traub,**  lymphocytic  choriomeningitis  in  mice  satisfies  this 
reciuirement.  It  was  further  reported  by  Haas'®  that  mice  infected  in  utero 
retained  active  virus  for  long  periods  and,  in  turn,  transmitted  the  infection  to 
their  offspring.  There  thus  seems  to  be  ample  evidence  that  such  congenitally 
acciuired  infection  results  in  a  prolonged  viremia.  On  the  other  hand,  inocula¬ 
tion  of  mature  mice  is  followed  by  a  rather  short  period  of  viremia  and  a  con- 
se(|uent  inability  to  transmit  infection  to  offspring  unless  such  inoculation  is 

This  investigation  was  supported  by  a  research  grunt  from  the  United  States  Public 
Health  Service. 
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accomplished  shortly  before  or  during  pregnancy.  Although  the  virus  used  is 
neurotropic,  intraperitoneal  inoculation  in  mice  has  been  observed  to  cause  a 
variety  of  tissue  changes  in  the  lung,  liver,  kidney,  spleen,  lymph  nodes,  bone 
marrow,  adrenals,  pancreas,  salivary  glands,  and  other  structures.'^ 

Although  developmental  dental  abnormalities  are  undoubtedly  related  to  a 
wide  variety  of  injurious  agents,  the  possibility  of  any  one  selected  virus  in  the 
present  series  of  studies  being  etiologically  related  to  such  defects  is  a  matter  of 
considerable  chance.  A  similar  element  of  chance,  although  culminating  in  the 
demonstration  of  jjositive  maternal  findings,  was  apparent  in  our  previous  study 
of  vaccinia  infection. 

MATKRI.VLS  AND  METHODS 

This  report  is  based  U])on  findings  in  203  female  Swiss  mice  selected  from 
our  established  colony  on  the  basis  of  age  (2  to  4  months)  and  demonstrated 
evidence  of  successful  breeding.  In  all  instanees,  the  appearance  of  a  vaginal 
plug  after  exposure  to  males  of  known  fertility  was  used  as  a  criterion  for  dating 
the  onset  of  gestation.  One  hundred  and  fifty-three  of  the  animals  were 
inoeulatcd  intraperitoneally  with  the  virus  of  lymphocytic  choriomeningitis. 
Twenty  others  were  similarly  inoculated  with  a  heat-killed  suspension  of  virus, 
and  the  remaining  30  mice  served  as  breeding  controls. 

In  order  to  e.stablish  a  source  of  virus,  5  congenitally  infected  mice  were 
obtained  from  the  National  Institutes  of  Health.*  Normal  mice,  aged  6  to 
8  weeks,  were  then  inoculated  intracerebrally  with  a  suspension  of  blood  from 
this  infected  stock.  Following  the  appearance  of  characteristic  signs  of  lympho¬ 
cytic  choriomeningitis,  usually  evident  at  6  to  8  days,  the  animals  were  sacrificed 
and  their  aseptically  removed  brains  stored  in  60  per  cent  neutral  glycerol  at 
4°  C.  Then,  as  needed  for  inoculation  of  pregnant  animals,  the  macerated  brain 
ti.ssue  was  suspended  in  saline  and  diluted  to  10'®.  Dosages  of  0.25  c.c.  of  this 
dilution  were  administered  intraperitoneally  to  each  of  153  bred  mice.  This 
dose  was  chosen  on  the  basis  of  its  demonstrated  ability  to  initiate  a  clinically 
manifested  disease  with  low  mortality.  Sixty-eight  of  the  animals  were  inoculated 
during  the  first  trimester  of  pregnancy  (I  to  6  days),  63  during  the  second 
trimester  (7  to  13  days),  and  22  during  the  terminal  week  of  pregnancy  (14 
days  to  term).  In  all  cases,  careful  observation  was  made  of  the  onset  of  disease 
symptoms  and  the  course  of  gestation.  Young  of  animals  delivered  spontaneously 
at  term  were  .sacrificed  at  1  through  28  days  of  age,  as  the  size  of  the  litter 
allowed.  In  addition  to  the  removal  of  maxillae  and  mandibles  for  histologic 
study,  blood  samples  were  inoculated  into  normal  mice  in  order  to  test  for  the 
jjresence  of  L(’M  virus.  Similar  procedures  of  sacrifice  and  blood  testing 
were  done  on  rei)re.sentative  maternal  animals  in  each  of  the  inoculated  groups, 
as  well  as  in  the  control  mothei*s  and  young. 

The  20  mice  inoculated  with  heat-killed  suspensions  of  LCM  virus  were 
followed  for  the  purpo.se  of  evaluating  the  possible  influence  of  the  intraperi¬ 
toneal  inoculation  of  neural  tissue  per  se. 

•These  animals  were  made  available  through  the  courtesy  of  Dr.  Charles  Armstrong. 
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FINDINGS 

The  course  of  prepnaney  in  mice  is  significantly  affected  when  there  is  a 
concomitant  complication  by  acute  lymphocytic  choriomeningitis.  As  noted  in 
Table  I,  the  later  in  pregnancy  that  the  disease  is  induced,  the  greater  is  the 
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likelihood  for  successful  delivery.  Most  striking  is  the  occurrence  of  only  37 
term  deliveries  in  a  total  of  131  bred  animals  inoculated  during  the  first  and 
second  trimesters.  Of  these  delivered  litters,  25  (67  per  cent)  were  viable  and 
12  (33  per  cent)  nonviable  with,  however,  no  significant  difference  in  their  aver¬ 
age  sizes  (6.7  and  6.0  young,  respectively).  Litter  size  was  comparable  in 
inoculated  animals,  those  receiving  heat-killed  virus,  and  controls.  That  the 
first  trimester  is  undoubtedly  the  most  critical  period  is  evidenced  by  the  term 
delivery  of  but  7  of  the  68  mice  comprising  this  group.  Of  the  61  animals  that 
failed  to  complete  a  normal  course  of  pregnancy,  definite  evidence  of  abortion 
or  resorption  was  manifested  in  19.  Since  one  would  expect  a  high  percentage 
of  successful  pregnancies  in  normal  mice  following  appearance  of  a  vaginal 
plug,'®  it  is  reasonable  to  assume  that  the  vast  majority  of  the  remaining  42 
animals  in  the  first  trimester  group  likewise  had  abnormal  terminations  of 
pregnancy.  In  the  second  trimester  group,  there  was  a  significantly  higher 
percentage  of  successful  term  deliveries  with  a  correspondingly  decreased  in¬ 
cidence  of  premature  interruptions  of  gestation,  whether  by  resorption,  abortion, 
or  unascertained  etiology.  Of  the  22  mice  inoculated  during  the  third  trimester, 
18  delivered  viable  litters  at  term;  their  average  size  being  6.3  young.  The 
absence  of  abortion-resorption  in  this  group  is  most  likely  explainable  either 
on  the  basis  of  little  time  remaining  during  pregnancy  for  such  an  event  to  occur 
or  the  greater  resistance  of  the  gestational  organism  at  this  stage.  Lending 
support  to  the  former  hypothesis  is  the  probability  that  the  incubation  period 
of  the  disease  following  third  trimester  inoculation  would  in  most  instances 
extend  beyond  the  day  of  delivery.  (Consequently,  little  significance  can  be 
attached  to  findings  in  this  experimental  grouj). 

It  is  of  interest  to  note  that  of  the  43  viable  term  deliveries,  10  litters  died 
within  4  days  of  birth  and  6  within  10  days.  No  apparent  correlation  was  noted 
between  these  instances  of  mortality  and  the  time  of  maternal  inoculation. 
There  was  some  evidence,  however,  that  the  litters  died  of  inanition. 

With  but  one  exception,  all  full-term  delivered  young,  regardless  of  trimester 
of  inoculation  or  whether  viable  or  stillborn,  appeared  gros.sly  normal.  One 
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mouse,  inoculated  on  tlie  eleventh  day  of  prcfinaney,  delivered  2  abnormal*  young 
eharaeteri/.ed  by  a  rather  marked  defect  of  the  cranium  with  extrophy  of  the 
brain.  A  third  littermate  showed  no  abnormalities. 


Fig.  1. — A,  Incisor  of  control  adult  mouse  showing  normal  appearance  of  ameloblasts, 
enamel  matrix,  dentin,  and  pulp.  H,  Incisor  from  a  1-day-old  control  offspring  of  a  non- 
inoculated  mother  showing  tall,  regularly  arranged  ameloblasts  underlying  a  thin  strip  of 
early  enamel  formation.  Dentin,  predentin,  and  odontoblastic  layer  are  likewise  of  normal 
appearance. 
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Londiiifi  significance  to  the  findings  of  abnormal  pregnancy  in  the  153 
experimental  mice  was  the  uniformly  successful  course  of  pregnancy  terminating 
in  delivery  of  viable  litters  (93  per  cent)  in  30  breeding  controls  following 


FiB.  2. — A.  Marked  pulpal  hyperemia  and  hemorrhage  in  a  mandibular  incisor  from  a 
njouse  that  died  of  lymphocytic  choriomeningitis  8  days  post  inoculation.  H,  Odontoblastic 
vacuolization  in  a  maxillary  incisor  of  a  mouse  sacrificed  17  days  after  intraperltoneal  inocu¬ 
lation  of  virus. 


B. 

Fig.  3. — A,  Mandibular  molar  of  a  7-day-oiil  congenitally  infected  mouse.  Ameloblastic 
layer  shows  a  rather  striking  discontinuity  characterized  by  an  invaginated  zone  of  degenerated 
cells. 

B,  Molar  from  a  7-day-old  offspring  of  a  mouse  inoculated  on  the  sixth  day  of  gestation. 
The  w’ell-deflned,  intact  layer  of  ameloblasts  is  separated  from  the  overlying  organic  enamel 
matrix  by  a  degenerated  layer  of  cells  and  irregular,  basophilic  staining  deposits  of  enamel-lik« 
material. 
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Fig.  3,  C  and  O. — C,  Maxillary  incisor  of  a  7-day-old  congenitally  infected  mouse.  A  normal¬ 
appearing  layer  of  tall  columnar  ameloblasts  Is  subjacent  to  the  enamel  matrix.  Separating  these 
cells  from  the  intact  stratum  intermedium  is  another  layer  of  ceils  resembling  ameioblasts  but 
characterized  by  degenerative  changes  and  marked  irregularity. 

D,  Moiar  from  a  7-day-oid  offspring  of  a  congenitaily  infected  mouse.  number  of 
irregular  masses  of  enamel-like  material  are  present  between  the  enamel  surface  and  amelo¬ 
blastic  layer,  causing  some  compression  of  cells. 
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initial  dia^rnosis  by  va^jinal  plug  formation.  This  indicates  the  probability  that 
the  vast  majority  of  those  experimental  animals  showing  no  evidence  of  progres¬ 
sion  beyond  the  appearance  of  the  plug  had  an  interruption  of  gestation  rather 
than  a  failure  of  conception.  In  those  instances  of  umiuestionable  abortion  or 
fetal  resorption,  the  probable  ctiologic  role  of  the  disease  is  quite  apparent.  That 
the  viable  virus  causing  the  acute  disease  is  the  complicating  factor  rather  than 
the  macerated  neural  tissue  of  the  inoculum  is  evidenced  by  the  normal  course 
of  pregnancy  in  HO  per  cent  of  20  mice  inoculated  with  heat-killed  preparations 
at  varying  .stages  of  gestation. 

Inasmuch  as  the  LCM  virus  was  selected  for  study  on  the  basis  of  its  demon¬ 
strated  ability  to  cross  the  placental  barrier,'^’  the  produced  congenital  infec¬ 
tion  would  necessarily  warrant  consideration,  should  any  dental  abnormalities 
be  found  in  the  young.  It  is  of  interest  to  note  that  maternal  viremia  may  he 
det(‘cted  as  early  as  48  hours  after  intraperitoneal  inoculation  and  vary  con¬ 
siderably  in  duration.  Although  differences  in  the  titers  of  pi*epared  inocula 
may,  in  part,  explain  the  varying  duration  of  viremia,  many  animals  inoculated 
with  e(|uivalent  do.ses  from  the  .same  susj)ension  source  of  virus  show  a  like 
unpredictable  course  of  viremia. 

Since  there  were  only  55  deliveries  at  term  in  the  entire  series  of  153  mice 
inoculated  with  lymphocytic  choriomeningitis  virus,  the  number  of  young  avail¬ 
able  for  testing  of  transplacental  infection  was  appreciably  limited.  Also  per¬ 
tinent  to  a  proper  evaluation  of  such  findings  is  that  these  litters  were  not 
l)roi)ortionally  distributed  in  relation  to  the  trimester  of  maternal  inoculation. 
As  indicated  previously,  this  can  be  attributed  to  the  greater  vulnerability  of 
early  pregnancy  to  lymphocytic  choriomeningitis.  It  seems  significant,  never¬ 
theless,  that  of  7  litters  delivered  of  mothers  inoculate*'  during  their  first  tri¬ 
mester  of  pregnancy,  all  gave  positive  evidence  of  viremia,  whereas,  of  26  litters 
te.sted  in  the  second  trimester  inoculated  group,  only  14  (54  per  cent)  showed 
evidence  of  viremia.  In  14  tested  littei*s  of  mothers  inoculated  during  their  last 
week  of  i)regnancy,  7  (50  per  cent)  proved  to  have  LCM  virus  in  their  circulating 
blood.  The  ages  of  the  young  at  time  of  testing,  which  ranged  from  1  to  28 
days,  had  no  apparent  relation  to  the  presence  or  absence  of  a  viremia. 

Histologic  examination  of  serially  sectioned  teeth  and  supporting  structures 
of  control  maternal  animals  and  their  offspring  (Fig.  1)  shows  a  typically  normal 
picture  characterized  in  the  incisors  by  an  intact  and  uniformly  arranged  layer 
of  ameloblasts  which  overlies  a  regularly  formed  enamel  matrix.  Dentin,  pre¬ 
dentin,  and  pulpal  ti.ssue,  including  the  odontoblastic  zone,  are  also  of  normal 
appearance.  The  fully  developed  posterior  teeth  of  parent  animals,  as  well  as 
the  developing  molars  of  their  young,  show  like  evidence  of  normal  structure. 

Little  variation  from  the  control  series  is  noted  in  the  incisor  and  molar 
teeth  of  inoculated  maternal  mice.  The  only  consistent  departure  from  normal 
is  i)ulpal  hyperemia  and  hemorrhage  (Fig.  2,  .1).  Odontobla.stic  vacuolization 
is  i)re.sent  in  fewer  cases  (F’ig.  2,  H).  In  contrast  to  these  observations  is  the 
relatively  infre<iuent  occurrence  of  dental  abnormalities  in  the  offspring  of 
infected  mothers.  In  mo.st  instances  these  were  young  that  showed  the  presence 
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of  virus  in  their  circulating  blood.  When  present,  the  abnormalities  are  noted 
predominantly  in  those  young  sacrificed  at  7  days  of  age  and  are  characterized 
chiefly  by  disturbances  in  amelogenesis.  The  ameloblasts  in  these  eases  often 
present  a  folded  or  double-layer  appearance  suggesting  artefact  (Fig.  3).  How¬ 
ever,  they  are  considered  to  be  true  pathologic  changes  on  the  basis  of  their 
consistent  i)resence  in  multiple,  serial  sections  and  their  probable  mechanism 
of  formation  which  may  be  attributed  either  to  a  disturbance  in  cell  alignment 
as  illustrated  in  Fig.  3,  A,  or  a  degeneration  of  cells  beneath  a  normal-appear¬ 
ing  ameloblastic  layer  as  suggested  in  Fig.  3,  /i  and  C.  Other  of  the  abnormal 
young  show  irregular,  enamel  like  deposits  overlying  the  organic  enamel  matrix 
(Fig.  3,  />).  The  subjacent  inner  enamel  epithelium  is  accordingly  eompres.sed 
in  this  region  although  not  otherwise  abnormal  in  appearance.  It  is  probable 
that  the  cellular  change  responsible  for  the  hyperplastic  enamel  formation  was 
a  reversible  one.  Suggesting  a  more  previous  and  transitory  disturbance  in 
amelogenesis  is  the  presence  of  a  iirominent  incremental  line  as  illustrated  in 
Fig.  4. 


Kir.  4. — MHiKlibular  incisor  of  a  7-(1ay-oi<i  conKcnitally  infected  mouse  showing  prominent 
increnicntai  iine  in  the  enamel.  A  parailel  but  appreciabiy  wider  band  of  aci<iopbilic-staininR 
matrix  characterizes  the  more  recentiy  forme<i  enamei.  Amelobiasts  are  of  normal  appear¬ 
ance  as  are  the  dentin,  predentin,  and  pulp. 


DISCISSION 

It  has  been  shown  that  lymphocytic  choriomeningitis  appreciably  affects 
the  course  of  jiregnancy  in  mice  and  that  such  effect  is  particularly  evident 
when  the  disease  is  induced  during  the  earlier  stages  of  gestation.  Although 
this  influence  is  manifested  by  abortion  or  resorption  in  but  26  cases  (Table  I), 
it  is  suggested  that  the  great  majority  of  the  72  remaining  cases  of  unsuccessful 
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pregnancy  had  like  terminations  which,  however,  escaped  observation.  It  is 
certainly  most  unlikely  that  so  large  a  number  of  mice  giving  evidence  of 
vaginal  plug  formation  after  copulation  would  have  failed  to  conceive.  This 
contention  is  supported  by  the  observations  of  Parkes*®  who  found  that  71  out 
of  88  mice  became  pregnant  following  the  appearance  of  a  vaginal  plug.  An 
even  higher  percentage  w'as  found  in  the  present  study  with  28  out  of  30  breed¬ 
ing  control  animals  showing  a  successful  course  of  pregnancy  after  vaginal  plug 
formation. 

Although  the  studies  of  Traub'^  and  Haas‘®  included  mice  inoculated  shortly 
before  and  during  pregnancy,  the  only  mention  of  untoward  influences  on 
gestation  w’as  several  instances  of  stillbirths,  with  no  abortions  being  observed. 
It  is  of  interest  in  this  regard  to  note  the  evidence  in  humans  indicating  the 
critical  nature  of  first  trimester  pregnancy.  Analyzing  a  series  of  591  cases  of 
spontaneous  abortion  that  occurred  during  the  first  6  months  of  pregnancy, 
Simons^®  found  516  occurring  prior  to  the  third  month. 

The  rather  marked  variability  in  duration  of  viremia  in  mature  mice,  rang¬ 
ing  from  48  hours  to  76  days  post  inoculation,  is  in  striking  contrast  to  the 
extremely  long  periods  of  viremia  that  prevail  in  congenitally  infected  animals.*' 
Considering  that  relatively  few  of  the  mature  mice  gave  evidence  of  circulating 
virus  beyond  the  fortieth  day,  these  findings  are  in  general  agreement  with  those 
of  Haas*®  who  reported  a  marked  difference  in  the  nature  of  infection  when 
established  in  utero  or  after  maturity. 

Contrary  to  the  consistent  development  of  lymphocytic  choriomeningitis 
infection  in  inoculated  maternal  mice,  it  has  been  demonstrated  that  their  off¬ 
spring  show  an  increasing  evidence  of  negative  testing  for  virus  as  the  period 
of  maternal  inoculation  is  delayed  beyond  the  first  trimester  of  pregnancy.  This 
may  indicate  an  increasing  difficulty  of  placental  passage  of  LCM  virus  associated 
with  advancing  gestation.  Whether  a  similar  explanation  of  enhaneed  placental 
permeability  during  first  trimester  pregnancy  may,  in  part,  apply  to  the  critical 
nature  of  this  period  relative  to  other  maternal  virus  diseases,  such  as  rubella, 
is  conjectural. 

Particular  attention  was  directed  toward  the  possibility  of  lymphocytic 
choriomeningitis  affecting  maternal  and  fetal  dental  tissues.  This  eventuality 
was  not  considered  too  unlikely  despite  the  essentially  neurotropic  nature  of 
the  virus.  Such  changes  as  polyserositis,  fatty  degeneration  of  liver  and 
kidneys,  and  focal  necrosis,  thrombosis  and  lymphocytic  infiltrations  in  a  variety 
of  tissues  and  organ  sites  were  observed  by  Lillie  and  Armstrong**  in  mice 
inoculated  by  the  intraperitoneal  route.  Consetiuently,  the  rather  consistent 
finding  of  marked  pulpal  hyperemia  and  interstitial  hemorrhage  in  incisor  and 
molar  teeth  may  be  correlated  with  the  almost  uniform  induction  of  lymphocytic 
choriomeningitis  in  inoculated  adult  mice,  and  thereby  j)rovide  some  evidence 
of  cause  and  effect.  On  the  other  hand,  the  relatively  infretpient  finding  of 
dental  abnormalities  in  the  young  of  mice  inoculated  during  pregnancy  does 
not  afford  sufficient  evidence  for  a  consistent  virus  etiology.  It  is  of  some  sig¬ 
nificance  in  this  regard,  that  the  changes  in  congenitally  infected  animals  are 
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found  predominantly  in  the  enamel  organ  and  that  no  pulpal  pathosis,  analogous 
to  that  found  in  parent  mice,  is  noted.  Furthermore,  the  presence  of  demon¬ 
strable  congenital  infection  does  not  insure  the  occurrence  of  an  abnormal 
amelogenesis.  It  would  appear,  therefore,  that  either  the  placental  passage  of 
LCM  virus  is  not  a  consistent  or  direct  contributing  factor  to  congenital  dental 
changes,  or  that  fetal  tissues  show  a  marked  variation  in  susceptibility  to  in¬ 
jurious  agents,  whether  they  be  the  vims  in  question  or  agents  unknown. 

Despite  the  fact  that  placental  permeability  to  LCM  virus  seems  to  decrease 
as  pregnancy  progresses,  and  that  such  evidence  would  support  the  contention 
of  many  that  first  trimester  maternal  disease  is  most  apt  to  cause  fetal  damage, 
one  cannot  underestimate  the  likelihood  of  other  untoward  influences  incident 
to  the  jirimary  disease  that  may  be  operative  during  pregnancy. 

SUMMARY  AND  CONCLUSIONS 

The  pre.sent  study  was  designed  to  further  explore  the  question  of  prenatal 
influences  on  tooth  development  with  particular  reference  to  the  rate  of 
transplacental  virus  passage  as  an  etiologic  factor. 

Inasmuch  as  available  evidence  regarding  the  relationship  of  such  virus 
diseases  as  rubella  to  congenital  abnormalities  is  based  almost  entirely  upon 
clinical  observation,  it  seemed  advisable  to  study  other  viral  infections  of  known 
pathogenicity  for  common  laboratory  animals.  Since  relatively  few  of  these 
meet  the  required  criterion  of  ability  to  cross  the  placenta,  any  virus  so  selected 
might  possibly  have  some  limitations.  Although  the  virus  of  lymphocytic  chorio¬ 
meningitis  is  essentially  neurotropic,  previous  studies  have  shown  direct  influ¬ 
ences  upon  other  elemental  tissues  and  organ  sites. 

On  the  basis  of  studies  on  203  female  Swiss  mice  and  their  offspring,  the 
following  observations  were  made: 

1.  The  course  of  pregnancy  is  adversely  affected  when  there  is  a  con¬ 
comitant  complication  by  acute  lymphocytic  choriomeningitis. 

2.  The  relatively  high  percentage  of  abortions,  resorptions,  and  other  in¬ 
stances  of  nonprogression  of  pregnancy  are  most  frequent  when  the  maternal 
disease  is  induced  during  the  early  stages  of  gestation. 

3.  The  reliability  of  vaginal  plug  formation  as  a  criterion  for  the  diagnosis 
of  conception  in  the  153  mice  comprising  the  virus-inoculated  group  is  indicated 
by  the  number  of  successful  terminations  of  pregnancy  (93  per  cent)  in  a  control 
series  of  animals. 

4.  The  duration  of  viremia  in  adult  mice  following  LCM  virus  inoculation 
is  rather  brief. 

5.  The  demonstration  of  fewer  instances  of  congenital  infection  in  the 
offspring  of  mothers  inoculated  during  the  later  stages  of  pregnancy  suggests  a 
correlation  between  placental  permeability  to  LCM  virus  and  the  period  of 
gestation  when  the  maternal  disease  is  induced. 

6.  Pulpal  hyperemia  and  hemorrhage  are  consistent  findings  in  the  incisor 
and  molar  teeth  of  mice  following  inoculation  with  the  vims  of  lymphocytic 
choriomeningitis.  Odontoblastic  degeneration  is  noted  occasionally. 
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7.  Dental  abnormalities  are  relatively  infrequent  in  the  young  of  infected 
mothers.  However,  when  present,  they  are  characterized  by  disturbed  amelo- 
genesis  rather  than  by  pulpal  changes  as  observed  in  inoculated  maternal  mice. 

8.  Congenital  dental  abnormalities  occur  predominantly  in  young  that  dem¬ 
onstrate  a  viremia.  However,  similar  changes  are  noted  in  mice  that  fail  to 
give  evidence  of  congenital  infection. 

9.  The  possibility  of  an  abnormal  maternal  metabolism  incident  to  the 
lymphocytic  choriomeningitis  must  also  be  considered  of  etiologic  imjjortance 
in  congenital  dental  abnormalities. 
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INTRODUCTION 

CLINICALIjY  and  histologically  it  is  quite  apparent  that  under  normal 
circumstances  a  tooth  develops  and  erupts  from  within  the  bone  proper 
to  a  relatively  definite  position  in  the  outside  environment  of  the  oral  cavity. 
How  this  migration  is  made  possible  has  yet  to  be  answered.  Any  satisfactory 
e.xplanation  of  such  a  complex  biologic  process  needs  the  correlation  of  data 
from  both  the  clinical  and  basic  fields.  The  mechanisms  by  which  eruption  is 
initiated  or  enhanced  have  been  explored  but  a  description  of  the  process 
erujition  in  itself  has  been  neglected.  It  is  hoped  that  this  and  related  studies 
will  help  contribute  to  an  understanding  of  the  eruption  process  from  these 
aspects. 

Since  a  basis  for  measurement  appears  to  be  a  prime  requisite  in  tooth 
eruption,  it  was  believed  one  could  be  evolved  from  certain  measurements 
obtained  from  serial  sections  of  variously  aged  rats  from  birth  upward.  Al¬ 
though  this  would  not  be  a  true  indication  of  one  growth  process,  these  measure¬ 
ments  could  be  viewed  from  a  comparative  growth,  or  growth-ratio  standpoint, 
and  thus  be  a  valuable  addition  to  our  study. 

Such  a  .study  was  undertaken,  and  this  paper  presents  the  materials, 
methods,  and  results  obtained  by  the  biometric  analysis  of  how  the  root  of 
the  first  mandibular  molar  in  the  rat  is  maintained  spatially  in  the  growing 
mandible  during  the  growth  and  eruption  period. 

MATERIALS  AND  METHODS 

Materials. — Ten  rats  of  thoroughbred  Norwegian  strain  ranging  from  new¬ 
born  to  31  days  of  age  were  utilized.  The  animals  were  fed  a  normal  diet  of 
fox  chow  and  oats  (fresh  vegetables  once  weekly)  and  caged  in  the  usual  fashion. 

Preparation  of  tissues  was  carried  out  in  the  following  manner:  The  rats 
were  anesthetized  and  immediately  sacrificed  by  decapitation.  The  jaws  were 
separated  and  fixed  in  10  per  cent  neutral  Formol  for  periods  from  24  hours 
to  5  days.  The  jaws  of  the  older  animals  were  skinned  prior  to  fixation  to 
permit  better  penetration  of  the  fixing  solution.  They  were  washed  for  24 
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hours  and  then  dehydrated  through  successive  changes  of  alcohol  (70  per  cent 
through  100  per  cent  and  then  alcohol  and  ether).  The  tissues  were  kept 

24  hours  in  each  change  of  alcohol.  Decalcification  was  carried  out  during  the 
80  per  cent  alcohol  stage  in  a  mixture  of  5  parts  of  concentrated  nitric  acid 
to  100  parts  of  80  per  cent  alcohol.  Decalcification  required  periods  up 
to  2  weeks.*  The  tissues  were  then  infiltrated  (with  10  per  cent  and  25 
per  cent  celloidin)  for  approximately  1-month  periods  and  embedded  in 

25  per  cent  celloidin. 

Each  one-half  mandible  was  cut  serially  at  from  6  to  8  microns  in  a 
sliding  microtone  with  the  tooth  in  buccolingual  aspect.  Each  specimen  was 
oriented  in  such  a  manner  as  to  attempt  duplication  of  plane  of  cut.  Every 
eleventh  section  was  stained  with  hematoxylin  and  eosin  as  a  check  on  orien¬ 
tation.  Approximately  40  sections  encompassing  the  midsection  of  the  develop¬ 
ing  tooth  were  then  stained  using  the  Masson-Mallory  connective  tissue,  iron 
hematoxylin  aniline  blue  and  van  Gieson  stains  and  mounted  in  Euparal. 

Methods. — Microscopic  studies  of  these  sections  were  made,  and  entrance 
of  the  blood  vessels  at  the  developing  apical  foramen  area  was  used  as  the 
criterion  for  the  middle  section.  The  middle  section  was  photographed  at  a 
magnification  of  25  times.  One  plane  that  would  be  common  to  all  sections 
was  drawn  on  each  print  from  the  point  which  could  be  considered  the  tip  of 
the  buccal  alveolar  crest  to  a  point  on  the  outer  aspect  of  the  low'er  border  of 
the  mandible  directly  beneath  the  incisor.  The  points  were  respectively  labeled 
A  and  B.  This  line  of  given  distance  for  each  specimen  was  then  bisected  to 
produce  another  plane  GD  which  then  also  w'ould  be  common  to  all  sections.  As 
a  means  of  arbitrarily  placing  a  point  which  would  be  common  to  each  specimen 
as  well  as  to  the  group,  a  geometric  center  for  each  specimen  was  determined 
by  bisecting  the  line  GD,  and  the  point  of  intersection  was  labeled  point  0 
(Fig.  1). 

The  measurements  by  means  of  dividers  and  metric  scale  seen  in  Table  I 
were  recorded.  Points  A  and  B  have  been  identified  above.  Point  C  denotes 
the  point  at  the  base  of  the  dental  papilla  or  the  apical  area  of  the  developing 
root  at  which  the  entrance  of  the  blood  vessels  occurs.  Point  D  is  that  point 
on  the  perpendicular  plane  to  AB  on  which  the  outer  or  buccal  aspect  of  the 
mandibular  bone  falls.  Point  G  represents  the  inner  or  lingual  aspect  of  the 
mandibular  bone  on  that  plane.  Point  E  is  the  cervical  line  (cemento-enamel 
junction)  on  the  buccal  aspect  of  the  tooth.  Point  F  is  the  tip  of  the  buccal 
cusp  of  the  tooth. 

From  the  measurements  recorded  it  was  desired  to  obtain  a  graphic  picture 
which  would  show  the  relationship  of  the  growth  rates  of  the  various  structural 
distances  in  view  of  the  fact  that  one  specimen  could  not  be  chronologically 
followed  on  a  histologic  basis.  Figs.  2  and  3  were  thus  constructed.  The  charts 
represent  the  patterns  obtained  for  each  rat. 

•Sectioninjf  was  difflcult  In  the  older-aged  animals  starting  with  the  26-day  rat.  E>ecal- 
ciflcation  should  be  continued  to  one  month,  and  the  usual  tests  for  calcium  not  considered  tP 
be  reliable. 
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Because  each  rat  was  of  a  different  a^e,  each  measuremetit  for  one  rat 
had  to  be  related  to  its  respective  measurement  in  another  a^e  by  a  proportion¬ 
ate  or  relative  value.  Since  point  0  was  developed  as  the  only  common  point 
of  reference  for  each  animal,  this  point  was  used  as  a  basis  for  measurement, 
and  the  landmarks  A  and  B  were  plotted  with  respect  to  this  point.  Then  the 
points  C,  F,  and  E  were  plotted  in  relationship  to  their  respective  points  B 
(Fig.  4).  In  this  manner  the  behavior  of  the  pertinent  landmarks  could  be 
followed  in  relationship  to  the  lower  border  of  the  mandible. 


1. — Method  of  determining  measurements  from  histologic  specimens  (18-day  rat) 


In  order  to  position  point  C  in  relationship  to  both  A  and  B,  the  points 
A,  By  and  C  were  plotted  in  relationship  to  their  respective  point  O.  The 
points  C  were  plotted  from  their  respective  points  A  and  points  B  (Fig.  5). 
Thus  the  behavior  of  points  A,  B,  and  C  with  respect  to  the  geometric  center 
and  themselves  could  be  followed. 

The  point  C  was  then  as.sumed  to  be  a  fixed  point,  and  points  F,  A,  E, 
and  B  were  jilotted  to  determine  the  relationship  of  the  apex  to  these  points 
under  such  an  assumption  (Fig.  6). 
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Since  the  angjle  of  eruption  of  the  tooth  with  respect  to  the  buceolinsual 
plane  {GD)  had  been  measured,  a  plot  of  this  was  made  (Fig.  7)  to  determine 
the  movements  of  the  tooth  in  the  histologic  preparations  during  its  eruption. 

It  was  felt  that  although  all  the  above  plots  were  essential  to  a  clear  picture 
of  the  relationship  of  the  different  selected  histologic  landmarks  to  each  other 
and  to  their  respective  landmarks  on  the  other  specimens,  they  did  not  ac¬ 
curately  establish  a  proportion  or  ratio  study  which  now  appeared  to  be  the 
necessary  step  in  describing  how  variable  points  in  variable  specimens  could 
be  .spatially  related  to  each  other.  Hence  the  ratios  of  growth  between  certain 
selected  distances  (Table  II)  were  plotted  against  time  (F’ig.  8).  By  the  simple 
arithmetical  procedure  of  subtraction  of  such  ratios  to  produce  a  con.stant — 
or  by  the  graphic  similarity  of  curves — the  points  or  distances  desired  would 
thus  be  effectively  portrayed  as  behaving  in  a  specific  manner  during  a  specific 
time  period  regardless  of  the  neces.sity  of  utilizing  different  specimens. 

Table  TI 

Ratuks  ok  Growth  Between  Certain  Selected  Distances  Plotted  Aoain.st  Time 

AGE  IN  DAYS 

I  1  I  fi  I  9  I  12  I  1.5  I  18  I  24  I  2fi  I  29  I  .31 
Meagurements  in  millimeters 


CA 

20.8 

.30.6 

.37.6 

46.6 

39.5 

37.5 

43.3 

47.3 

35.8 

37.0 

CB 

ratio 

25.4 

.82 

.Toj 

.8.3 

45.3 

.83 

4.377 

1.07 

4‘8.6 

.81 

50.2 

.75 

53.1 

.82 

5^ 

.83 

56.4 

.635 

58.8 

.63 

CE 

8.7 

17.4 

21.9 

26.2 

.36.8 

38.6 

32.8 

.34.0 

CB 

ratio 

45.3' 

.19 

4.3.7 

.40 

4^' 

.45 

5072 

.52 

53.1 

.69 

50^ 

.68 

56.4 

.58 

58.8 

.58 

('F 

19.7 

24.3 

.31.6 

47.3 

40.4 

4.3.7 

59.8 

61.0 

54.0 

49.5 

CB' 

ratio 

25.4 

.78 

.3(iT 

.66 

45^3 

.70 

4.3.7 

1.08 

48.6 

.83 

50.2 

.87 

1.13 

MTs 

1.07 

56.4 

.98 

58.8 

.84 

BA 

45.0 

65.0 

79.4 

86.4 

87.4 

84.0 

95.0 

99.5 

87.8 

92.0 

BC 

ratio 

25.4 

1.77 

.36.7 

1.77 

45;.3 

1.75 

4^ 

1.98 

48.6 

1.80 

1.67 

53.1 

1.79 

56.8 

1.75 

5^ 

1.56 

5^ 

1.57 

BF 

4.3.0 

57.8 

7.3.4 

.  86.8 

89.0 

87.0 

108.7 

110.8 

110.3 

99.5 

BC 

ratio 

25^ 

1.73 

.36.7 

1.58 

45.3 

1.62 

4^ 

1.99 

4876 

1.8.3 

5072 

1.73 

53.1' 

2.02 

56.8 

1.95 

56.4 

1.96 

5878 

1.69 

BE 

54.3 

60.2 

71.0 

71.3 

87.7 

90.0 

84.1 

87.6 

BC 

ratio 

4573 

1.20 

4377 

1..38 

48.6 

1.46 

5072 

1.42 

5.3.1 

1.65 

5^ 

1.58 

56.4 

1.49 

58.8 

1.49 

CO 

4.8 

8.0 

10.8 

10.0 

7.9 

9.5 

11.0 

12.3 

1.3.0 

14.0 

CB 

ratio 

2^ 

.19 

3^ 

.22 

4^ 

.24 

4^ 

.24 

48.6 

.16 

50.2 

.19 

53.1 

.21 

56.8 

.22 

56.4 

.23 

5878 

.24 

CO 

4.8 

8.0 

10.8 

10.0 

7.9 

9.5 

11.0 

12.3 

13.0 

14.0 

CA 

ratio 

20.8 

.2.3 

30.6 

.26 

37.6 

.29 

4^ 

.21 

39.5 

.20 

.25 

43.3 

.25 

47.3 

.26 

.35.8 

.36 

37.0 

.38 

ORSERVATIONS  AND  FINDINGS 

The  columnar  jilot  in  Fig.  2  compares  the  growth  distances  of  all  the 
rats.  It  shows  a  striking  similarity  in  pattern,  despite  a  disrupted  continuity 
of  the  growth  process  which  would  not  be  seen  were  it  jiossible  to  follow  one 
animal.  All  columns,  for  example,  maintain  certain  positions  with  respect  to 
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one  another  except  in  Rat  12  in  which  case  (although  the  change  is  not  striking) 
Columns  3  and  4  have  lost  the  relationship  found  in  all  the  other  animals.  The 
fact  that  this  dissimilarity  appears  at  the  initial  stages  of  root  formation  indi¬ 
cates  that  with  root  formation  a  downgrowth  of  the  root  into  the  jaw  occurs 
prior  to  the  progressive  eruption  of  the  tooth.  Since  the  distance  from  the 


■A  comparison  of  manilibular  growth  trends  in  rats  from  birth  to  31  days. 
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Fig.  3. — A  comparison  of  tooth-mandibular  growth  trends  in  rats  from  birth  to  31  days. 
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tip  of  the  alveolar  crest  to  the  apex  of  the  root  is  greater  than  that  in  Rats 
9  and  15,  and  since  the  tooth  distance  from  the  tip  of  the  cusp  to  the  apex  has 
increased,  the  observation  of  downgrowth  of  the  root  with  no  advance  of  the 
tooth  in  the  occlusal  direction  at  the  initial  stages  of  root  formation  is  given 
support. 

A  rather  interesting  finding  is  the  insignificant  growth  of  the  mandible 
in  width  (Column  6  shows  only  one-half  the  mandibular  width).  At  birth, 
mandibular  width  is  approximately  one-half  the  mandibular  height;  whereas 
at  31  days,  it  more  nearly  approximates  one-third  that  distance.  Mandibular 
height  appears  to  have  reached  its  maximum  with  eruption  of  the  tooth  into  the 
oral  cavity  (Column  1);  however,  this  cannot  be  considered  a  conclusive  bit 
of  evidence  until  studies  including  older  aged  animals  have  been  made.  At 
least  the  greatest  rate  of  growth  occurs  within  the  first  12  days  (again  the 
time  of  root  formation)  at  which  time  the  height  has  been  nearly  doubled. 
After  12  days,  growth  of  the  mandible  in  height  is  relatively  slight. 

Similarity  of  position-relationship  of  columns  in  Fig.  3  exists  in  Columns 
1,  2,  3,  and  4  with  the  exception  again  of  Rat  12.  The  increase  in  tooth  length 
despite  the  stability  of  the  cervical  line  to  lower  border  distance  progression, 
again  indicates  a  possible  downgrowth  of  the  root  at  the  initial  stages  of  root 
formation  (since  tooth  length  is  the  result  of  root  length  at  12  days).  Columns 
4  and  5  show  that  the  distance  from  the  cervical  line  to  the  apex  gradually 
decreases  in  proportion  to  the  distance  from  the  cervical  line  to  the  geometric 
center  until  at  29  days  the  latter  distance  is  the  greater.  This  indicates  that 
the  root  apex  gradually  moves  toward  the  occlusal.  Column  4  indicates  that  root 
growth  occurs  at  a  steady  rate  until  root  completion,  which  is  approximately 
26  days,  or  at  a  time  just  after  eruption  of  the  tooth  into  the  oral  cavity. 
Columns  1  and  2  have  not  been  seriously  considered,  because  of  the  liability 
of  error  when  measurement  is  taken  from  the  tip  of  the  cusp.  The  crown 
contour  and  the  considerable  deviation  of  the  cusp  tip  when  but  a  slight  change 
in  angulation  occurs  ncessitates  this  omission. 

From  Fig.  4  it  may  be  seen  that  with  respect  to  the  lower  border  of  the  • 
mandible,  the  tip  of  the  cusp  appears  to  maintain  a  uniform  distance  from 
that  border  (with  a  slight  decrease  reaching  its  maximum  in  the  6-day  rat) 
until  the  15-day  rat,  at  which  time  the  tip  of  the  cusp  rapidly  moves  away  to 
reach  its  greatest  distance  from  the  lower  border  in  the  29-day  rat.  The  cervical 
line  maintains  a  steady  increase  in  distance  from  the  lower  border  during  this 
31-day  period  with  the  most  rapid  rise  occurring  between  the  r2-day  rat  and 
the  24-day  rat — the  days  of  most  active  root  formation.  The  apex  of  the 
root  over  the  entire  31-day  period  very  slowly  increases  its  distance  from  the 
lower  border  of  the  mandible.  In  the  12-day  rat,  which  depicts  the  stage  of 
initial  root  formation,  the  apex  takes  its  only  deviation  toward  the  lower  border. 
This  again  demonstrates  downgrowth  of  the  root  prior  to  eruption  of  the  tooth 
in  an  occlusal  direction.  The  most  active  movement  away  from  the  lower 
border  occurs  between  the  12-day  rat  and  18-day  rat.  The  period  just  prior 
to  eruption  of  the  crown  into  the  oral  cavity  (18  to  24  days)  demonstrates  a 
slowing  down  of  the  occlusal  movement. 
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fig.  4. — Relationship  of  molar  to  lower  bonier  of  mandible  in  rats  from  birth  to  31  days. 


-Relationship  of  apex  of  the  root  of  the  first  mandibular  molar  to  tlie  buccal  alveolar 
crest  and  lower  border  of  the  mandible  in  rats  from  birth  to  31  days. 
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The  apex  of  the  root  when  plotted  with  respect  to  both  the  lower  border 
of  the  mandible  and  the  crest  of  the  alveolar  ridpfe  on  the  same  chart  gives 
a  rather  clear  picture  of  its  position  during  the  growth  and  development  period 
studied  (Fig.  5).  Again,  the  apex  is  seen  to  move  away  from  the  lower  border 
or  toward  the  alveolar  crest  at  a  verj'  slow  rate.  Until  the  twelfth  day  (the 
stage  of  initial  root  formation)  only  an  insignificant  movement  is  noted;  how¬ 
ever,  the  apex,  in  the  12-day  rat,  is  seen  to  be  positioned  nearer  the  lower  border . 


Fig.  6. — Relationship  of  the  lower  bonier  and  alveolar  crest  of  the  mandible  and  two 
coronal  points  of  the  first  molar  to  the  apex  of  the  first  molar  root  when  a  fixed  position  for 
the  apex  is  assumed  in  rats  from  birth  to  31  days. 


than  at  any  time,  and  indicates  a  slight  downward  growth  of  the  apex  into 
the  jaw.  A  rapid  movement  away  from  the  lower  border  immediately  follows 
the  initial  phase  of  root  formation  to  level  off  at  the  18-day  rat,  and  then  slowly 
move  away  again  after  root  formation  is  complete  in  the  26-day  rat.  The 
plot  CO  was  drawn  merely  to  indicate  that  the  apex  was  not  identical  with 
the  geometric  center  but  also  steadily  increased  its  distance  from  it  during  the 
course  of  root  formation  and  eruption. 

As.suming  the  apex  of  the  root  a  fixed  point  in  mandibular  growth,  we 
find  that  Fig.  6  shows  the  growth  and  development  of  the  tooth  itself  in  detail. 
Root  formation  appears  to  have  reached  completion  at  the  26-day  rat,  and  full 
eruption  ceases  soon  thereafter  or  at  the  29-day  rat.  The  buccal  cervical  line 
remains  constant  to  the  buccal  alveolar  crest.  The  abrupt  change  in  curve 
FC  at  the  12-day  rat  indicates  the  crown  portion  of  the  tooth  was  sectioned 
through  a  greater  occluso-gingival  dimension,  for  the  curve  EC  does  not  take 
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the  same  change.  Were  one  to  consider  the  lower  border  in  relationship  to 
this  point,  one  would  have  to  assume  the  lower  border  moved  steadily  away 
from  the  apex  at  a  much  faster  rate  than  the  alveolar  crest  approached  the 
apex,  or  in  words  we  better  understand,  that  the  apex  moves  rapidly  and  con¬ 
tinually  away  from  the  lower  border.  In  this  case  the  relationship  is  apparent 
only  between  the  two  points  B  and  C  with  re.spect  to  no  other  point. 


a 


Fig.  7. — Angle  of  eruption  of  the  first  mandibular  molar  to  a  buccolingual  plane  in  rats  from 

birth  to  31  days. 


The  angle  of  eruption  (Fig.  7)  is  variable  during  the  period  Rat  6  to 
Rat  15  (that  period  just  preceding  root  formation  up  to  and  including  the 
period  following  the  initial  stages  of  root  formation),  but  becomes  relatively 
stable  from  the  time  just  prior  to  eruption  of  the  crown  into  the  oral  cavity 
until  the  time  last  studied. 

The  curves  obtained  by  plotting  growth-ratio  figures  (Fig.  8)  established  a 


similarity  seen  in  curves  and  and  also  and  4;^  which  by  inter- 

jyty  ISi  /  />C 

pretation  leads  one  to  assume  that  the  apex  of  the  root  maintains  a  discrete 
position  during  growth  and  eruption  with  regard  to  the  outer  magnitudes  of 

AB 

the  growing  mandible.  Curve  indicates  that  the  apex  gradually  moves 


away  from  the  lower  border  with  respect  to  the  increasing  over-all  height  of 
the  mandible.  The  fact  that  with  respect  to  the  distance  AC  the  apex  also 
moves  gradually  away  from  the  lower  border  but  produces  a  relatively  identical 
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curve  and  thus  a  constant  to  the  former  plot,  indicates  that  the  apex,  although 
moving  away  from  the  lower  border,  maintains  a  constant  relationship  with 

HF  C  E 

the  over-all  growth  pattern.  Curves  and  show  that  the  distance 
from  the  apex  to  the  lower  border  increases  at  a  constant  ratio  with  respect 


FIk.  8. — (Irowth-ratios  of  selected  distances  in  rats  from  birth  to  31  days. 

to  the  distances  from  the  cervical  line  to  the  lower  border  and  cervical  line 
to  the  apex;  hence  the  same  interpretation  can  be  derived — that  the  apex  main¬ 
tains  a  constant  relationship  to  the  lower  border  in  the  over-all  growth  and 
eruption  picture  yet  does  move  away  from  it  with  respect  to  that  point  alone. 
BF  CF 

Curves  and  to  a  limited  extent  allow  this  same  interpretation. 
CO  CO 

Curves  and  confirm  to  a  limited  degree  point  0  as  being  a  geometric 

center  about  which  the  apex  of  the  root  maintains  a  close  relationship  until 
root  formation  is  completed  and  active  eruption  has  ceased  (24  to  26  days). 
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DISCUSSION 

The  purpose  of  this  study  has  not  been  to  refute,  formulate,  or  confirm 
any  hypothesis;  rather,  it  has  been  to  establish  as  accurately  as  possible  the 
apex  of  the  growing  root  spatially  in  the  growing  mandible. 

It  is  realized  that  a  study  of  10  rats  is  far  from  a  thorouprh  and  complete 
one.  A  ^reat  many  more  of  the  younger  and  older  aged  specimens  must  be 
studied,  especially  about  the  12-day  period.  The  weight  and  length  of  each 
animal  should  have  been  recorded  prior  to  its  sacrifice.  A  more  accurate 
means  of  orienting  the  specimen  in  the  celloidin  block  and  establishing  an  exact 
duplication  in  plane  of  cut  would  be  invaluable. 

The  mode  and  reasons  for  the  establishment  of  a  geometric  center  might 
well  be  questioned.  Brodie  stated,  '‘The  superposing  of  various  points  as 
centers  is  nothing  more  than  a  temporary  assumption  that  may  have  no  basis 
in  fact.  It  can  be  stated  with  certainty  only  that  one  part  behaves  in  such 
and  such  a  manner  in  relation  to  some  other  part ;  i.e.,  that  the  distance  between 
certain  points  increases  in  a  certain  direction  and  at  a  certain  rate.” 

The  developing  tooth  affords  a  perplexing  problem  when  the  superposition¬ 
ing  of  anatomical  points  is  used.  Hence  the  attempt  at  considering  the  mandible 
during  its  period  of  growth  and  development  as  a  subject  suspended  in  space 
necessitated  the  establishment  of  a  point  somewhere  in  the  main  body  which 
could  be  the  center  from  the  outer  magnitudes  of  each  specimen  and  in  that 
respect  be  related  to  that  same  center  in  other  specimens,  and  yet  not  be  a  fixed 
point  with  respect  to  any  anatomic  structure. 

SUMMARY  AND  CONCLUSIONS 

A  biometric  study  to  determine  how  the  root  of  the  mandibular  first  molar 
in  the  rat  is  maintained  spatially  in  the  growing  mandible  during  the  growth 
and  eruption  period  in  relationship  to  the  lower  border  of  the  mandible  has 
produced  the  following  interpretations: 

a.  During  the  period  of  growth  of  the  mandible  and  growth  and  eruption 

of  the  first  molar,  the  apex  of  the  root  of  the  tooth  maintains  a  constant  re¬ 

lationship  to  the  lower  border  and  alveolar  crest  of  the  mandible,  but  gradually 
moves  away  from  the  lower  border  itself. 

b.  Growth  of  the  mandible  in  width,  when  computed  from  buccolingual 

sections  made  through  the  mesial  root  of  the  first  molar,  appears  to  be  de¬ 
termined  at  crown  completion.  Growth  of  the  mandible  in  height  appears  to 
be  completed  at  the  cessation  of  root  formation  (approximately  26  days). 

c.  A  downgrowth  of  the  root  into  the  jaw  occurs  at  the  initial  stages  of 
root  formation  or  just  after  crown  completion,  and  before  eruption  toward 
the  occlusal  begins. 

d.  Root  completion  and  full  eruption  are  closely  related. 

e.  The  greatest  rate  of  growth  occurs  within  the  first  12  days. 

f.  Growth  and  development  relationships  cease  to  be  correlated  following 
root  completion  insofar  as  eruption  of  the  tooth  is  concerned. 


A  MODIFIED  GALLEGO’S  IRON  FUSCHIN  STAIN  AS  A 
DIFFERENTIAL  STAIN  FOR  CEMENTFM 

ROBERT  J.  LEVEY 

University  of  Pennsylvania  College  of  Dentistry,  Philadelphia,  Pa. 

A  SEARCH  of  the  technical  literature  has  shown  that  there  is  at  present  no 
technic  which  will  differentially  stain  the  cementum  of  the  human  teeth. 
This  report  concerns  a  successful  differential  staining  of  the  human  cementum. 
This  stain  is  also  successful  for  the  cementum  of  rats’  teeth  and  would  pre¬ 
sumably  work  on  the  cementum  of  all  mammalian  teeth. 

A  successful  stain  for  cementum  can  be  exceedingly  useful  in  both  investiga¬ 
tion  and  teaching.  For  instance,  it  is  of  interest  to  be  able  to  study  the  rate 
of  cementum  deposition  in  both  humans  and  experimental  animals  and  to  study 
abnormal  deposits  of  cementum.  In  the  classroom  it  could  be  used  advantage¬ 
ously  in  orienting  beginning  students  in  dental  histology  and  in  differentiating 
cemental  portions  of  calcified  odontomas. 

TECHNICAL  METHODS 

The  technic  is  derived  from  Lillie’s  modification  of  (Jallego’s  iron  fuschin 
stain.  This  technic  may  be  found  in  Lillie  (11)48),  German  (1939),  or  Langeron 
(1934).  The  present  procedure  differs  from  those  previously  used  in  staining 
times  and  in  the  make-up  of  picro-anilin-blue. 

Formalin  fixation  is  recommended.  The  method  of  imbedding  does  not 
appear  to  be  critical  for  the  technic  since  equally  goo<l  results  have  been 
obtained  with  decalcified  paraffin,  decalcified  frozen  and  undecalcified  ground 
sections.  Minor  variations  in  staining  times  are  neces.sar\’,  depending  upon 
thickness  of  tissue  and  the  type  of  calcification. 

1.  Sections  are  removed  from  50  per  cent  alcohol  and  placed  for  10  to  12 
minutes  in  Weigert’s  acid  iron  chloride  hematoxylin.  (This  is  stored  as  2 
stock  solutions,  A  and  B.  Solution  A  consists  of  100  ml.  of  fresh  1  per  cent 
hematoxylin  in  95  per  cent  alcohol.  Solution  B  consists  of  95  ml.  of  distilled 
water,  1  ml.  of  concentrated  hydrochloric  acid,  and  4  ml.  of  l\S.P.  solution  of 
iron  chloride  (37.2  Gm.  of  ferric  chloride  in  100  ml.  of  distilled  water).  Eipial 
parts  of  stock  solutions  A  and  B  should  be  freshly  mixed  together  before  use. 
Stock  solutions  last  2  to  3  weeks.) 

2.  Wash  in  distilled  water. 

3.  Sensitize  30  seconds  in  a  fresh  mordant  solution  made  by  adding  200  ml. 
of  distilled  water  to  1.5  ml.  of  concentrated  nitric  acid  with  1  ml.  of  40  per  cent 
formaldehyde  and  1.5  ml.  of  U.S.P.  iron  chloride  added  in  the  order  given. 
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Fig.  1. — A  decalcifled  frozen  section  of  a  mandibular  incisor  with  extracted  adherent 
bone.  The  deeply  stained  layer  of  cementum  (C)  contrasts  markedly  with  the  dentin  (D)  and 
periodontai  membrane  (PdM).  The  incremental  lines  of  the  alveoiar  bone  (IB)  stain  in  the 
same  manner,  but  not  so  intenseiy  as  the  cementum.  (Orig.  mag.  X200. ) 

Fig.  2. — A  decaicifled  frozen  section  of  a  hypercementosis  at  the  bifurcation  of  a 
mandibular  moiar.  The  incremental  lines  of  cementum  (IC)  stain  even  more  intenseiy  than 
those  of  the  aiveoiar  bone.  Periodontai  membrane  at  the  bifurcation  (PdM).  (Orig.  mag. 
X250.) 

Fig.  3. — A  paraffin  section  of  a  rat’s  Incisor.  Cementum  (C)  is  strongly  delineated 
from  the  dentin  (D).  periodontal  membrane  (PdM)  and  bone.  (Orig.  mag.  X250.) 
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4.  Rinse  in  distilled  water, 

5.  Stain  5  minutes  in  a  fresh  dilution  of  3  ml.  carbol  fuschin  in  50  ml.  of 
0.2  per  cent  acetic  acid. 

6.  Rinse  in  distilled  water. 

7.  Differentiate  by  returning  to  mordant  for  1  to  2  minutes  (depending 
on  section). 

8.  Rinse  in  distilled  water. 

9.  Stain  10  to  30  seconds  in  0.01  per  cent  anilin  blue  in  siiturated  picric 
acid  solution. 

10.  Rin.se  in  0.1  per  cent  acetic  acid. 

11.  Dehydrate  and  clear  with  xylene,  and  mount  in  balsam,  (hVozen  sec¬ 
tions  will  shrivel  up  in  xylene,  so  when  clearing  frozen  sections  use  xylene, 
carbol-xylenc  sequence  before  mounting  in  balsam.) 

RRSULTS 

Fig.  1,  a  decalcified  frozen  .section  of  a  mandibular  incisor  with  adherent 
bone,  .shows  the  deeply  stained  layer  of  cementum  (T),  contrasting  markedly 
with  the  dentin  {!))  and  the  periodontal  membrane  {PdM).  The  cementum  is 
a  deep  red  in  contrast  to  the  green  stain  of  the  dentin  and  bone. 

It  should  be  noted  that  the  incremental  lines  of  the  alveolar  bone  {Hi) 
stain  .somewhat  less  intensely,  but  the  same  color  as  the  cementum.  Indeed,  in 
large  cementoses,  as  can  be  seen  in  Fig.  2,  a  decalcified  frozen  section  of  a 
hypercementosis  at  the  bifurcation  of  a  mandibular  molar,  the  incremental 
lines  of  cementum  (/(')  stain  even  more  intensely  than  those  of  alveolar  bone. 

In  Fig.  3,  a  paraffin  section  of  a  decalcified  rat’s  incisor,  the  cementum  (C) 
is  clearly  delineated  from  the  dentin  {!)),  periodontal  membrane  {PdM)  and 
bone. 

SUMMARY 

A  technic  for  relatively  specific  staining  of  human  teeth  is  described.  The 
method  is  empirical  and  certain  of  the  reagents  are  irrational.  No  hlstochemical 
specificity  should  be  imputed  to  the  technic.  Its  research  and  teaching  value 
lies  in  differentiating  cementum  from  other  hard  structures. 
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